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INTRODUCTION
This Directory of Research Projects provides information
about currently funded scientific investigations within the
Planetary Geology and Geophysics (PGG) Program. The Directory
consists of the proposal summary sheet from each proposal funded
under the PGG Program during fiscal year 1991, covering the
period October i, 1990 - September 30, 1991. The summary sheets
provide information about the research project including: title,
principal investigator, institution, summary of research
objectives, past accomplishments, and proposed new work. This
Directory is intended to inform scientists in the PGG Program
about research projects supported by the program, and can be
utilized by others as a PGG Program information source.
Research projects funded under the PGG Program cover a broad
range of topics including: geological mapping, studies of
surface features and their origin from imaging results,
theoretical and analytical studies of lithosphere - atmosphere
interactions, geophysical studies of planetary interiors and
surface features, studies of dynamics of planetary and ring
formation, remote sensing studies including theory, reflectance
characteristics and analysis of observed spectra, and both
experimental and terrestrial analog studies of the impact
process. In addition, the program is responsible for all
aspects of planetary cartography, and provides funding for
several facilities in the Planetary Geosciences.
Statistical information about the PGG Program is presented
on the next two pages. The following pages consist of an
alphabetical listing of Principal Investigators for fiscal year
1991, and the remainder of the Directory consists of the project
summaries.
For additional information about the Planetary Geology and
Geophysics Program, contact one of the persons below:
Ted A. Maxwell
Discipline Scientist
Planetary Geology and
Geophysics Program
Code SL
NASA Headquarters
Washington, D.C. 20546
Joseph M. Boyce-
Discipline Scientist
Planetary Geosciences
Code SL
NASA Headquarters
Washington, D.C. 20546
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PLANETARY GEOLOGY AND GEOPHYSICS PROGRAM
PRINCIPAL INVESTIGATORS, FISCAL YEAR 1991
INVESTIGATOR INSTITUTION
Adams, John B.
Ahrens, Thomas J.
Arvidson, Raymond E.
Baker, Victor R.
Baloga, Stephen M.
Banerdt, W. Bruce
Batson, Raymond
Bell, Jeffrey F.
Boring, John W.
Boss, Alan
Bridges, Frank
Brown, Robert H.
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Burns, Joseph A.
Burns, Roger G.
Campbell, Donald B.
Carr, Michael H.
Chapman, Mary G.
Christensen, Philip R.
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Condit, Christopher
Craddock, Robert
Crisp, Joy A.
Croft, Stephen K.
Crumpler, Larry S.
Cuzzi, Jeffrey
Davies, Merton E.
Davis, Donald R.
Davis, Philip A.
De Hon, Rene A.
Dermott, Stanley F.
Durham, William B.
England, A. W.
Eshleman, Von R.
Esposito, Larry W.
Fanale, Fraser P.
Fink, Jonathan
French, Richard G.
Frey, Herbert
Gaffey, Michael J.
Gaskell, Robert W.
Goguen, Jay D.
Golombek, Matthew P.
U WA
Cal Tech
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JPL
JPL
USGS Flagstaff
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U VA
Carnegie Inst. of Wash.
U CA, Santa Cruz
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JPL
Cornell
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Cornell
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AZ St U
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Smithsonian
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PLANETARY GEOLOGY AND GEOPHYSICS PROGRAM
PRINCIPAL INVESTIGATORS, FISCAL YEAR 1991
INVESTIGATOR INSTITUTION
Gooding, James L.
Greeley, Ronald
Greenberg, Richard J.
Hager, Bradford
Hapke, Bruce
Harris, Alan W.
Hartmann, William
Hawke, Bernard Ray
Head, James W., III
Holsapple, Keith A.
Holt, Henry E.
Hood, Lon L.
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Johnson, Torrence V.
Kaula, William
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King, John S.
King, Trude
Kirk, Randolph L.
Komar, Paul D.
Lebofsky, Larry A.
Lee, Steven W.
Levy, Eugene H.
Lissauer, Jack J.
Lucchitta, Baerbel
Lucey, Paul G.
Lunine, Jonathan I.
Malin, Michael C.
Mao, Ho-Kwang
Martin, Terry Z.
Matson, Dennis
Maxwell, Ted A.
McCord, Thomas B.
McEwen, Alfred S.
McFadden, Lucy-Ann
McGill, George E.
McKay, Christopher
McKinnon, William B.
Melosh, H. J.
Metzger, Albert E.
Moore, Henry J.
Mouginis-Mark, Peter J.
NASA/JSC
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U AZ
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U Pittsburgh
JPL
PSI
U HI
Brown
U WA
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U VA
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U CA, Berkeley
U VA
JPL
UCLA
AZ St U
SUNY, Buffalo
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U AZ
SUNY, Stony Brook
USGS Flagstaff
U HI
U AZ
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Carnegie Inst. of Wash.
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Smithsonian
U HI
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Saunders, R. Stephen
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PLANETARY GEOLOGY AND GEOPHYSICS PROGRAM
PRINCIPAL INVESTIGATORS, FISCAL YEAR 1991
INVESTIGATOR INSTITUTION
Ward, William R.
Warren, Stephen G.
Watters, Thomas
Weidenschilling, Stuart
Weissman, Paul R.
Wetherill, George W.
Whipple, Fred L.
Williams, James G.
Williams, Steven H.
Wisdom, Jack
Wu, Sherman
Yoder, Charles F.
Zimbelman, James
Zisk, Stanley
Zuber, Maria T.
JPL
U WA
Smithsonian
PSI
JPL
Carnegie Inst. of Wash
Smithsonian Astro. Obs.
JPL
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M.I.T.
USGS Flagstaff
JPL
Smithsonian
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NASA/GSFC
PROPOSAL SUMMARY / ABSTRACT
PRINCIPAL INVESTIGATOR
CO-INVESTIGATORS
PROPOSAL TITLE
John B. Adams
Dept. of Geological Sciences AJ-20
University of Washington
Seattle, WA 98195
(206)543-6221
Milton O. Smith
Spectral Reflectance of Planetary Surfaces
ABSTRACT
a. Our overall research objective is to provide new information on the chemistry, mineralgy and geology
of planetary surfaces using multispectral images and reflectance spectra in the visible and near-infrared
wavelength region. The approach is to interpret the remotely sensed data in terms of laboratory
reference spectra, and to use spectral mixing models to quantify mineral phase-abundances.
b. We assessed the compositional variability that could be detected spectroscopically on Mars using
computer-simulations of Viking Lander, Viking Orbiter and telescopic measurements.There is a wide
range of detectability thresholds for Martian analog materials. Detectability of all materials could be
substantially improved by using absolute telescopic measurements rather than normalized ones. We
continued work with Paul Johnson on a semiempirical model for calculating binary mineral mixtures
which vary in particle size and illumination geometry.
c. In the coming year we propose to investigate: 1) the spectral mixing systematics of sets of 1988
telescopic spectra of Mars in cooperation with Jim Bell and Tom McCord; and 2) complete our study of
the intercalibration of Viking Lander, Viking Orbiter and telescopic measurements, in cooperation with
Ray Arvidson, Ed Guinness and Bob Singer.
d °
Adams J.B. and Smith M.O., 1990, Limits on the compositional variability of the Martian surface (abs.)
Lunar and Planet. Sci. XXl, 1-2, LPI, Houston
Johnson P.E., Singer R.B., Smith M.O., and Adams J.B., 1990, Quantitative determination of mineral
abundances and particle sizes from reflectance spectra, _., in press.
Type abstractsingle-spaced,paragraphsnumbered:
(a) brief statementof the overallobjectivesandjustificationof the work;
(b) briefstatementof accomplishmentsof prioryear,or "new proposal';
(c)brieflistingof whatwill be donethisyear,how, andwhy;
(d) oneor two of recentpublicationsrelevantto proposedwork.
PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
CO-INVESTIGATOR(S):
Thomas J. Ahrens
Seismological Laboratory
California Institute of Technology
Pasadena, CA 91125 818/356-6906
']'ITI._- Impact and Collisional Processes in
the Solar System
ABSTRACT:
a. Objectives:
We are carrying out experimental research on mechanical and thermodynamic aspects
of shock and impact cratering and accretionary processes in solid planets, and their
atmospheres and satellites. Experiments are being conducted to understand impact induced
molting and vaporization of minerals on the lerrestrial planets, their satellites and the icy
satellites of the outer solar system. Recent theories of the impact origin of the moon and
impact devolatilization of Mercury need to be tested with these data.
We measure the shock pressure, and hence, infer corresponding impact velocities of
infalling planetesimals during planetary accretion which are required to induce melting and
vaporization of planetary materials. We are studying the release of volatiles by impact on
water-, carbon dioxide-, sulfur-bearing minerals, and hydrocarbons in the laboratory
because this process is believed to underlie the accretion of planetary atmospheres. Studies
of noble gas devolatillzation are conducted to constrain theories of atmospheric evolution.
We combine experimental data on shock induced melting and vaporization and theories of
planetary atmospheric growth to understand the chemistry of interaction of hot pinto-
planetary surfaces with proto-atmospheres. To understand impact production of melt and
vapor from silicates and formation of magma oceans on the earth, Moon, and Venus, we
are studying shock temperatures in the minerals of planetary crusts and mantles. We are
conducting shock loading experiments on rocks in order to understand and be able to
describe their mechanical response which gives rise to the observed negative Bouguer
gravity anomalies observed over impact craters on the earth and moon and seismic velocity
deficits beneath impact and explosion craters.
b. Accomplishments:
1) We have carried out the first experimental studies of the solubility of Ar in carbon
glass in order to both understand how noble gases become dissolved in carbonaceous
material in the solar nebulae and to provide sample material to conduct impact
devolafilization experiments.
4) conduct further analysis of the equation of state of meteorites and serpentine (in
the very high pressure range (> 130 GPa) where anomalous compression is indicated), and
construct a model which describes the release iscnu'opes in t_ms of the equation of state
and thermodynamic properties of MgO and H20. We also propose to study shock
um_peraua'_ of serpentine and glassy carbon.
5) conduct further experiments on the cracking and hence density and seismic
velocity deficit induced by shock waves in both hemispherical and planar gcomclry in dry
and wet rocks. We expect to examine the data prescribing the regions of velocity deficits
beneath such craters as the Pies and Meteor crater and determine what constraints these
anomalies can place on the impact process.
d. References
1. Lange, M. A. and Ahrens, T. L, 1987, Impact experiments in low temperature ice,
Icarus, 69, p. 506-518.
2. Tyburczy, J. A. and Ahrens, T. J., 1988, Dehydration kinetics of shocked serpentine,
Proceedings of the 18th Lunar and Planetary Science Conference, Cambridge Univ.
'Press, p. 435-442.
3. Schmitt, D. R. and Ahrens, T. J., 1989, Shock temperatures in silica glass, J.
Geophy$. Res., 94, 5851-5871.
4. Tyburczy, L A., Krishnamunhy, R. V., Epstein, S., and Ahrens, T. L, 1990, Impact
induced devolatilization and hydrogen isotopic fractionation of serpentine:
Implications for planetary accretion, Earth Planet. Sci. Len., in press.
5. Tan, H. and Ahrens, T. J., 1989, Shock-induced polymorphic transition in quartz,
carbon, and boron nitride, J. Appl. Phys., 67, 217-224.
6. Ahrens, T. L, O'Keefe, L D., and Lange, M.A., 1989, Formation of planetary
atmospheres during accretion, in Origin and Evolution of Planetary and Satellite
Atmospheres, ed. S. K. Atreya, J. B. Pollock, and M. S. Matthews, U. Arizona
Press, p. 328-385.
PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
CO-INVESTIGATORS(S):
Thomas J. Ahrens
Seismological Laboratory
California Institute of Technology
Pasadena, CA 91125 818/356-6906
TRITE:
ABSTRACT:
Impact Cratering Calculations
a. Objectives
To describe and understand the physics of impact cratering, both normal and oblique, on
planetary surfaces composed of solid silicates, ices, and their regoliths, as well as impacts into
planetary atmosphere and proto-atmospheres and into the ocean. On a larger scale we expect to
constrain impact conditions for partial and complete loss of atmospheres as well as whole planet,
devolatilization melting and/or disruption. This includes determining energy partitioning, ejecta
distributions (with regard to size, velocity, energy content, and sorting), and condensation physics of
impact produced vapor as well as the impact production of aerosols from the liquid and solid state.
b. Accomplishments
1) We have conducted the first two-dimensional numerical calculation of the normal and
oblique impact of a bolide with an exponential atmosphere in a gravity field. The bolide dimension
is comparable with the scale height to the atmosphere. For normal and oblique impact the geometry
is axi-symmetric and planar (an approximation), respectively. For the case of axi-symmetric impact,
we can determine atmospheric energy coupling (5%). Moreover, our results for atmospheric blast
wave energy coupling compare favorably to the existing similarity solutions.
2) We have produced an initial planetary accretion model for the early Earth. We com-
bined our experimental data on the impact velocity required to induce a proto-atmosphere via shock
devolatilization with the physical model of Abe and Matsui, which describes the thermal regime of
the accreting Earth, and with initial calculations (of Holloway) of the oxidation state of the
atmosphere coexisting with a hot chondritic assemblage. We estimate the mass of the primary
reservoir of un-shocked material and compare this with the inferred reservoir now producing the
mantle 3He flux. We also estimate the bolide energy required to completely blow-off the proto-
atmosphere.
3) We conducted cratering calculations over a wide range of effective projectile charac-
teristic dimensions (a_ which trades-off with planetary gravity (g) upon scaling using the inverse
Fro6de number, ag/U L. Here U is impact velocity. The crater transition depth, Dr, is calculated in
terms of the gravity and strength crater scaling relations and we derive an expression which permits
4
evaluatingmeanplanetarycrustalstrengthfrom thegravityto strengthcratertransitiondepth. Mean
crustal strengths of -5 and 10 kbar are derived for the Earth and Mars, and Mercury and the Moon,
respectively, from our present equations and Pike's crater correlations.
4) New techniques for handling very fine impact ejecta were developed and impact
produced aerosol-sized ejecta mass yields are determined for low velocity impacts in limestone. The
experiments yield 10 4 tO 10 "3, mass fraction, of l<#m aerosols. This is comparable with earlier
experiments of Gault et aL, but significantly less than the yields required by the Alvarez et al.
extinction scenario.
5) Both the flammability of surface biomass initiated by a KfI" impactor and the heating
of crustal volatiles from impact required tO mobilize molten volcanic rock from a large bolide have
also been investigated.
c. Proposed Program
1) Conduct atmospheric impact cratering calculations to determine the mass of atmo-
sphere ejected and lost from a planet (w/th different mass and base temperature exponential
atmospheres) upon impact of different density, diameter, and velocity bolides.
2) Conduct further research on the depth of excavation and crater shape upon impact
of large and high-speed bolides on planetary surfaces. The major effect we expect to study is the
scaling appropriate for high velocity impacts where shock-induced vaporization accounts for a
fraction of the crater volume. The scaling developed on the basis of chemical explos/ve tests and
experimental impact craters produced by projectiles impacting below 10 km/sec is not expected to be
strictly valid in the vaporization regime.
3) We propose to study very large body impacts with a newly written self-gravitating
smooth particle hydrodynamic code. We expect to examine partitioning of energy and momentum
for different velocity, impact angle and equation of state, as weU as the degree of planetat T melting
and devolatilization.
4) We propose to determine the amount and distribution of aerosol-sized impact ejecta
for different targets at different impact velocities.
5) We propose to extend previous work and construct a chemical planetary accretion
model which both accounts for the thermal regime of the accreting surface (magma ocean), the
radiation budget of the overlying atmosphere and the chemical phase equih'brium between the molten
rock and the overlying atmosphere containing phases composed of C, H, O, and S.
d. References
. Ahrens, 1"3., O'Keefe, J.D., and Lange, M.A., 1989, Formation of atmospheres during
accretion of the terrestrial planet, Planet and Satellite Atmospheres: Origin and Evolution, ed.
S. Atreya, J.B. Pollack, and M.S. Matthews. U. Ariz. Press, Tucson, AZ., p. 328-385.
2. Lange, M.A. and Ahrens, "1"3.,1989, Atmospheric blow-off during accretion of the terrestrial
planetary atmospheres, submitted to Icarus.
_;:_-: _:'_ L,rL ,_ A,h_c_.s. 'i'_I., 1989, Impact produced condensate and droplet size
_ :_ >0-_.-c-_.© -_,_,_ _i_r_:-_ T.T._ I989, Impact production of CO 2 by the K-T extinction bolide
-:z:.':."b :--_ciOert he.a_in£ _F _.ht- F_arth, Nature, 338, 247-249.
_: ........._ _"___.,:I_, _Wz,_,_,,. . _toragc in the mantle, 342, 122-123.
,_--_r_r-z, TJ., !9_9. Earth accretion, in Or/g/n of the Earth, eds. J. Jones and H.E.. Newson,
PROPOSAL S_Y
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Co-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE:
Raymond E. Arvidson Telephone No. (314) 889-5609
Washini_tonUniversity,Earth & PlanetarySciences,CanDusBox 1169
One BrookingsDrive, St. Louis,MO 63130
Edward A. Guinness
"Analysisof RemoteSensingData for the Surfacesof the TerrestrialPlanets"
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
A°
a.
C,
D°
Objectives: Compilation of GRSFE data base for publication by Planetary Data
System on 8 CDROMs for community use. Analyses of relevant Goldstone, Arecibo,
Viking remote sensing data to determine surface properties of Venus and Mars and to
infer resurfacing histories. Analyses of GRSFE data to test validity of radiative transfer
models for visible through microwave remote sensing observations.
Accomplishments: Flew GRSFE and acquired 5 gigabytes of data in July and
September, 1989. Began generation of GRSFE archive. Helped generate pre-
Magellan review of aeolian processes on Venus and led effort to develop pre-Magellan
crater resurfacing models. Calibrated and analyzed Goldstone Venus data. Evaluated
martian surface properties using IRTM and multi-emission angle VIS data. Analyzed
multi-emission angle ASAS images over Lunar Crater Volcanic Field, Nevada, to test
Hapke function.
Proposed Work: Complete GRSFE archive, publish through PDS on 8 CDROMs for
community release at special GRSFE session at spring 1991 AGU. Continue analyses
of surface properties of Mars and test of models using GRSFE data.
Publications: Arvidson et al, 1990, LPSc XX Proceed., 557-572; Arvidson et al, 1989;
Rev. Geophys., 27, 39-60; Arvidson, Encyc. Physical Sci. Tech., 78-98; Guinness and
Arvidson, JGR, in press; Gooding, Arvidson, et al, Mars book chapter, in press;
Greeley and Arvidson, Earth, Moon, Planets, submitted.
PROPOSAL SUMMARY
PRINCIPAL IN'v'ESTIGATOR: Victor R. Baker
(Name, Address, Department of Geosciences, University of Arizona
Telephone Number) Tucson, AZ 85721 - (602) 621-6003
Co- INVESTIGATORS :
(Name Only)
PROPOSAL TITLE:
William D. Sellers
Virginia C. Gulick
_rtian Paleohydrological Cycles
ABSTRACT: (Type single-spaced below llne. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" o. brief listlng of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
A*
B •
Co
Do
_: Understand the processes and history of palcohydrological and hydroclimatolog-
ical change on Mars. Specific mechanisms of hydrological cycling will be evaluated by
modeling of dynamical processes and by gcomorphological study of various channels,
valleys, and related hydrogcomorphological features.
_7.0.gr.P,_: This new proposal extends a prior Planetary Geology and Geophysics project
concerned with the gcomorphology of channels and valleys on Mars. Progress in that study
included: (1) Discovery of the ocean-land-atmosphere mechanism for cyclic climatic change
on Mars (Baker et al., 1990), (2) Development of thc-hydrothermal model to explain Martian
valley formation (Gulick and Baker, 1989), (3) _morphological mapping of valleys associ-
ated with impact craters and volcanoes on Mars, (4) Development of hydraulic procedures for
analyzing discharges of Martian outflow channels, (5) Development of explanations for valley
formation based on terrestrial studies of ground-water sapping processes, (6) Discovery of
the sequence of valley formation on Mars in relation to volcanic terrains.
Proposed Work: Continue mapping, morphomeaic studies, photointerprctation, and theo-
retical analysis of channels and valley networks on Mars. The new global model of ocean-
land-atmosphere interactions through Martian history will bc evaluated against the observa-
tional base and through quantitative modeling. Groundwater modeling will bc used to analyze
outflow processes and ocean inception. Climatological implications will bc analyzed with a
quasi-three-dimensional global climate model. Model simulations and geomorphological work
will be closely integrated.
Baker, et al., 1990, Ancient ocean-land-atmosphere interactions on Mars: Global model and
geological evidence: Lunar and Planet. Sci. Conf. 21, p. 40-41.
Gulick, V.C., and Baker, V.R., 1989, Fluvial valleys and martian paleoclimatcs: Nature, v.
341, p. 514-561.
PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
CO-INVESTIGATORS:
PROPOSAL TITLE:
Stephen M. Baloga
Jet Propulsion Laboratory
MS. 183-501
4800 Oak Grove Dr.
Pasadena CA, 91109
(818) 354-2039
Joy A. Crisp, Jeffrey B. Plescia
QUANTITATIVE STUDIES IN PLANETARY VOLCANISM
OBJECTIVES: The overall objective is to improve the quantitative understanding
of physical processes in planetary volcanism, particularly Mars, Io, and the
Earth. Specific objectives are: i) To develop quantitative methods for assessing
the relative influence of topographic and rheological controls on the emplacement
of planetary lava flows and apply the results to lava flows on selected volcanoes
on Mars, 2) To develop new energy balances for explosive eruption columns on
Mars that incorporate Stefan-Boltzmann radiation and particle losses and
investigate the role of large scale fumarolic activity in the formation of
selected surface features on Mars, 3) To develop quantitative constraints on the
source of magma supply from lava flow and flow fields on Mars, and 4) To
determine whether the composition of lobate and sheet flows on Io is sulfur or
silicate.
PROGRESS : Corresponding to the above objectives, recent progress has been:
I) Published two papers on heat losses from lava flows during emplacement.
Completed data analysis of topographic influences during flow emplacement for
Puu Oo 1983-1984 eruption. Derived equations for flow over an irregular or random
topography. Submitted one paper to Phys. Rev. Lett. on methods for an "inversion"
problem to determine rheology from kinematics 2) Reformulated the original
equations for buoyant plumes and obtained energy integrals. Solved the system
of equations for buoyant plumes in a neutral atmosphere, but issuing from
extended sources, such as large scale volcanic sources.
PROPOSED WORK: Corresponding to the above objectives, I) Incorporate recent fluid
mechanics developments for flow over irregular topography into existing models
for lava emplacement; Complete statistical analysis of terrestrial data on the
response of flowing lava to topographic changes; Compare theoretical predictions
with terrestrial and planetary data, 2) Complete the investigation of the role
of large scale fumarolic (buoyant plume) activity in the formation of channel-
like forms on the flanks of certain volcanoes on Mars; Complete new energy
balances for volcanic plumes and re-assess existing thoughts on explosive
volcanism on Mars, 3) Investigate major magmatic supply and flow emplacement
factors that could produce systematic trends in surface expression of lava flow
fields on Mars.
SUMMARY BIBLIOGRAPHY : Crisp, J. and S. Baloga, (1990) Lava flows with two
thermal components, JGR, 95, 1255-1270; S. Baloga, (1990), Indirect solution of
supplemented conservation laws, submitted to Phys. Rev. Left; Crisp, J and S.
Baloga, A method for estimating eruption rates of planetary lava flows, to appear
in Icarus; S.Baloga and L.Glaze, 1990, Exact and approximate solutions for
buoyant plumes in a neutral atmosphere (draft); Several abstracts related to this
proposal appear in the Appendix E of this progress report.
PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR: W. Bruce Banerdt
Jet Propulsion Laboratory, MS 183-501
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-5413 (FTS) 792-5413
CO-INVESTIGATORS: None
TITLE: Planetary Tectonics
ABSTRACT
A. The broad objective is to better understand the mechanical behavior, structure, and history of
the crusts and upper mantles of the solid planes and satellites.
B. During the past year we have: (i) continued the investigation of mechanical and petrological
constraints on the evolution of Tharsis, with three papers accepted for publication; (ii)
completed the study of early thermal gradients on Europa using lithospheric strength envelopes
and observations of extensional tectonic features, with a paper accepted for publication.
C. In the remaining two years I propose to do the following: (i) continue the work underway
using stress predictions, petrological constraints, and tectonic observations to test various
models for the thermal and tectonic history of the Tharsis region of Mars, and develop a
general thermomechanical modelling framework for further extending these studies; (ii)
investigate tectonic deformation processes and subsurface structure on Io using realistic
rheological assumptions and broad-scale topographic data; and (iii) continue the investigation
of the effects of mantle dynamics on surface stress fields in planetary lithospheres, and .perform
regional studies of the state of stress in selected areas on Venus at moderate resolution m order
to refine regional models of the lithosphere and upper mantle of Venus.
D. Selected References:
Banerdt, W. B., and M. P. Golombek, The evolution of Tharsis: Implications of gravity,
topography, and tectonics, Lunar Planet. Sci. XXI, 42-43, 1990.
Phillips, R. J., N. H. Sleep, and W. B. Banerdt, Permanent uplift in magmatic systems with
application to the Tharsis region of Mars, J. Geophys. Rev. in press, 1990.
Banerdt, W. B., M. P. Golombek, and K. L. Tanaka, Stress and Tectonics on Mars, in Mars,
H. Kieffer, B. Jakosky, and C. Snyder, eds., University of Arizona Press, Tucson,
Arizona, in press, 1990.
Esposito, P. B., G. Balmino, W. B. Banerdt, B. G. Bills, G. F. Lindal, W. L. Sjogren, M.
A. Slade, and D. E. Smith, Gravity and Topography, in Mars, H. Kieffer, B. Jakosky,
and C. Snyder, eds., University of Arizona Press, Tucson, Arizona, in press, 1990.
Golombek, M. P., and W. B. Banerdt, Constraints on the subsurface structure of Europa,
Icarus, 83, 441-452, 1990.
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FRO_DOSA_ SUMIw_ARY
PRINCIPAL LVVESTIGATOR :
(Name, Address,
Telephone Number)
Ce-INVZ_ST!GATORS :
(Name Only)
PROPOSAL TITLE:
Jeffrey F. Bell
P!anetarv Geoscience _
2525 Correa Road. Eonoiulu. HI 96822
(808) 948=6488 (afzer 5/i/90: (808) 956-6488)
Klaus Keil _
SPECTRAL STUDIES OF POSSIBLE ASTEROIDAL MATERIALS
ABS."_LACT.: (.Type single-spaced below line. Lettered paraqr.aphs
(a) t-hrouqh (d) should include: a. brief s:a-ement of the
overall objectives and justification of Zi'.e work; b. brief
state=ent cf t_he ac=omp!is_ents of t-he .3riot year, or "new
proposal;" c. brief lis_ing of what will be d=ne this year, as
well as how and why; and d. one or two cf y_ur recent publi-
cations relevant to the proposed work.)
a. The objective of the proposed work is to improve our unders_aading of the surface
mineralogy of asteroids, and to liuk the vast existing body of meteorite geochemical data with
specific astronomical objects which may be targets of future NASA missions. The methodology
to be employed is: i) prepare simulated asteroid regoHth materia/ by pulverizing meteorite
samples or constructing artificial mineral mixtures corresponding to hypothetical asteroid
compositions, 2) obtain Ii_ (0.3-5.0_m) reflection spectra of the simul_ed regolith, 3) analyze the
lab spectra for _stema_ic changes with composition, 4) use the knowledge obtained in the lab to
analyze asteroid spectra obtained telescopically and develop mineralo_/cal/nterpreta_ions of the
surfaces of selected objects, and 5) integrate the mineralogical information with other
astronomical data, orbita/ dynamic% and meteorite studies to recons_cuct the condeusational,
thermal, and collisional history of the asteroids and their parent planetesimala.
b. InvestigaZed use of Hapke scattering theory to determine asteroid composition;
measured spectra of shocked ordiuaz7 chondrite mater_ measured first spectrum of meteor_:
troilite.
c. Obtain lab spectra of rare and newly discovered chondrite classes; compare asteroid and
meteorite spectra via principal component analy_s; determine mineralogy of S asteroids including
Gali/eo flyby candida£es; continue to Kudy asteroid f_es for clues to interior structure of
parent bodies.
d. Bell, J. F., D. Dark, W. IC Harzmann, and M. J. Galley, "AJtm'oids: The Big Picture."
In ASTEROIDS I_ (Um.hrersity of Arizona Press, 1989), pp. 921-945. Bell, J. F., "_.inera]ogic_
Clues to the Ori_us of" A.,terold Dynamical FanuT_. ° lear=., 78, 426-440 (1989). Bell, J. F., *A
Probable Asteroidal Parent Body for the CV or CO C"aondrites. ° Metzoeitics 28, 256-257
(September 1988).
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PROPOSAD SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
J. W. Boring, Dept. of Nucl. Engineer. &
En@ineer. Physics, University of Virginia
Charlottesville, VA 22903-2442/804-924-3213
Co-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE:
R. E. Johnson
Laboratory Reflectance Spectra of Irradiated
Ices: ADDlications tO Europa
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a)
b)
Objectives: To make laboratory studies of the spectrum of light
reflected from solid H20 that has been bombarded by keV ions. The
measurements will use as experimental parameters: (i) Temperature and
method of growth of the ice film. (2) Temperature during ion
bombardment. (3) Type and energy of incident ion. (4) Fluence
(dose) of ions. The results of these measurements will aid in our
understanding of the physical processes that affect the reflectance
spectrum and will provide baseline information for understanding the
reflectance of sunlight from icy planetary objects such as the Galilean
moon Europa.
Progress: In our first measurements of the reflectance of visible and
UV light from ice it was found that changes in the spectra could be
effected by ion bombardment and may be due to: (I) Compounds formed
from implanted species, such as S. (2) Compounds formed from the H
and O atoms of the ice as a result of chemical bond breaking induced by
the incident ions. (3) Changes in the topography of the surface as a
result of sputtering by the ions. The results of these studies made it
apparent that we had to make a systematic study of the effects produced
by each of the important experimental variables listed above, and of
equal importance it is necessary to be able to compare the reflectance
of the ice to that for some surface of known spectral reflectance (such
as a standard mirror). We are presently in the process of making these
systematic studies.
12
c) Proposed work
In earlier work we have seen that the implantation of keV S atoms into the
ice has only a small effect on the reflectance. This is understandable since
the depth of penetration is only -200A. It may well be that in the case of
Europa the implanted S exists to much larger depths because of reworking of the
surface by various processes. We will explore the effects of an increased
depth of implantation by performing successive growth of thin layers of ice
followed by ion bombardment. It will also be necessary to compare these
results to the reflectance properties of SO 2 and mixtures of SO 2 with H20.
Another critical need in these measurements is for extending our reflectance
studies into the infrared where vibrational transitions in existent molecules
tends to produce characteristic reflectance features. We are presently working
on the adaption of our experimental system for the IR studies. Of equal
importance will be the requirement that we establish through detailed studies
the effects on ice reflectance that can be produced by various changes in the
conditions under which the ice is grown, even in the absence of ion
bombardment.
d) Summary Bibliography
i invited presentation
i paper on the systematic studies of ice reflectance, in preparation.
e) Personnel
i graduate asst.
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Proposal Summary
Principal Investigator:. Alan P. Boss
Department of Terrestrial Magnetism
Carnegie Institution of Washington
5241 Broad Branch Road N.W.
Washington, D.C. 20015
(202)686-4402
Proposal Title: Three Dimensional Evolution of the Solar Nebula
Abstract
(a) Objective: Numerical calculation of the formation and early evolution of the
solar nebula, including the most important physical processes: three dimensional (3D)
hydrodynamics, self-gravitation, radiative transfer, and complete gas thermodynamics.
The models seek to improve our understanding of the dynamics and thermodynamics of
the solar nebula, and hence our understanding of basic physical processes and conditions
of crucial importance for planetary formation.
(b) Progress: (1) The main activity has been improving the accuracy of the hy-
drodynamical portions of the numerical code. A 1D code has been developed, starting
from first principles, that includes all necessary corrections to make the van Leer scheme
truly second order accurate in space and in time. Other important changes include an
improved volume definition, consistent advection, and geometrical corrections needed
for curvilinear coordinates. With these changes, the code does extremely well on the
pressureless collapse test, and has proven to be truly second order accurate through
convergence testing. (2) Tidal disruption of inviscid protoplanets has been shown to be
negligible for Mars-sized bodies or larger, and important for lunar-sized bodies only for
Voo "_ 0, severely limiting the importance of tidal disruption for planetary accumulation.
(c) Proposed work: (1) The main focus will be code improvement. The changes
made in the 1D code must be included in the 2D and 3D codes and thoroughly tested;
in addition, the 2D rotating sphere test case and the 3D fragmentation test problem must
be run with the new codes. (2) With the new code, a new set of 3D models of solar
nebula formation will be undertaken, including other improvements such as multiple
collapse and central protosun heating. (4) The source of nonaxisymmetry in collapsing
solar nebula models will be investigated through an equation linking nonaxisymmetric
velocities to infall velocities. (3) If circumstances permit, a postdoctoral fellow may
investigate the reality of protostellar core instabilities, which would affect the nebular
heating derived from the protosun.
(d) Summary bibliography (3/89 - 3/90, third year, PI only): 11 papers published
or submitted, 5 abstracts, 6 oral presentations. Two representative publications:
A. P. Boss, Evolution of the Solar Nebula. I. Nonaxisymmetric Structure during
Nebula Formation, Astrophysical Journal, 345,554-571, 1989.
A. P. Boss, Protostellar Formation in Rotating, Interstellar Clouds. VIII. Inner
Core Formation, Astrophysical Journal, 346, 336-349, 1989.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Co-INVESTIGATORS:
(Name Only)
Dr. Frank G. Bridges
Dept. or ?nyslcs
University of Californla
Santa Cruz, CA 9hUb4 (408)
D. Lin
459-2_93
PROPOSAL TITLE: Structure of Saturn's Rinqs: Collision
Properties of . Water Ice Particles
ABSTRACT: (Type single-spaced below llne. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;- c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
For the past few years we have studied zero-impact parameter
collisions of water ice particles using a I-D compound pendulum
and measured the coefficient of restitution, the mass transfer
and the sticking of particles in low velocity collisions. We now
propose a series of measurements to study the collisional properties
of such particles in collisions with two degrees of freedom. Over
the last year we have developed a new pendulum instrument which
allows particle motion in both x and y directions. With this
pendulum we can study collisions in glancing incidence. We are
now able to determine how the coefficient of restitution, erosion
processes and the cohesive forces between particles change with impact
parameter in low velocity collisions. Such measurements are crucial
for understanding the dynamics of Saturn's rings.
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PRINCIPAL INVESTIGATOR:
CO-INVESTIGATORS:
PROPOSAL SUMMARY
Robert H. Brown
Jet Propulsion Laboratory
M.S. 183-501
4800 Oak Grove Dr.
Pasadena, Ca. 91109
Dennis L. Matson
PROPOSAL TITLE: Testing solid-state greenhouse models using thermal IR
eclipse observations of icy satellites.
ABSTRACT:
a) OBJECTIVES: To use existing observations of eclipses of the Galilean satel-
lites in the thermal infrared to test and refine the solid-state greenhouse
model. To advance understanding of surface and near-surface temperature dis-
tributions of icy satellites and to provide important input to thermal-history
calculations for icy satellites. Our main objective is to modify and use our
existing solid-state greenhouse models to interpret observations of the full-
disk thermal flux during eclipse immersions and emersions of Europa and
Ganymede. This will enable us to obtain estimates of the penetration scale
length for sunlight on icy satellites and thus to more accurately model the
surface and near-surface temperature distributions of satellites such as
Europa and Enceladus. This is essential for determining upper boundary-layer
temperatures of icy satellites. Preliminary models constructed by us have
shown that recognition of and understanding the nature and scope of the
solid-state greenhouse effect is quite important to understanding icy-
satellite thermal histories and their geological evolution.
D) PROGRESS: Analysis of eclipse data on Europa shows evidence for a solid-
state greenhouse; subsurface temperature enhancements of -30-40°K are sug-
gested. Our models have been generalized to include variable thermal parame-
ters, and we have incorporated that generalized thermal modeling code into the
most accurate and detailed numerical model of Jovian satellite eclipses pro-
duced to date. We have also modeled the detailed heating profile with depth
due to insolation using a two-stream radiative transfer approach. Finally we
have measured the solid-state greenhouse effect in glass beads and are apply-
ing the results to our icy-body greenhouse models.
c) PROPOSED WORK: We will publist our work on eclipse constraints for SS
greenhouses on Europa and our lab work with glass beads. We have also applied
the SS greenhouse model to the problem of Triton's geyserlike plumes and will
continue that study, aiming to publist the results this year. We will con-
tinue to study the effect on profiles of solar energy deposition with depth
from differing regolith parameters (porosity, albedo, grain size etc.), and
will initiate lab studies of the SS greenhouse effect in water ice using
water-ice beads at low temperature in a vacuum.
d) SUMMARY BIBLIOGRAPY: Brown, R. H. and D. L. Matson (1990). Constraining
solid-state greenhouse models using thermal-infrared eclipse observations.
Icarus, in preparation; Dissly, R., R. H. Brown and D. L. Matson, "Laboratory
measurements of the solid-state greenhouse effect in glass beads" Icarus, in
preparation;
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TITLE
ALBEI_ PATTK_S OF THE SATURNIAN SATELLITES
2 DATE PREPARED
3 PERFORMING ORGANIZATION
JET PROPULSION LABORATORY
4800 OAK GROVE DRIVE
PASADENA, CA 91109
6 INVESTIGATOR'SNAME
B.J. Burattl
TEL NO
(818) 354-7427
8 NASA ALT TECH MONITOR'S NAME TEL NO
S. Baloga (818) 354-2219
4 NUMBER/CODE
a PROPOSAL b CURRENT
5 CONTRACT/GRANT NO
NAS 7-9 1 8
a STARTING
7 OATE
b ANNIVERSARY
9 INSTITUTION CATEGORY AND CODE
FC
FISCAL YEAR STATUS
a
WORKFORCE (WY)
IN-HOUSE
b
S 'C
c
IMS
cl
FUNDING (In K)
RD TOTAL
• f
1o PRIOR 0.15 xxxx xxxx 20 20
I t CURRENT XXXX XXXX0.15
0.20 XXXX1 2 BUDGET XXXX
25 25
42 42
1 3 DESCRIPTION _ 8nef statement on strategy of mvest_at/on, b Progress Dnd @ccomphshments of pnot yee_ c Whet wiH be eccomphshed th,$ year, $$ weft as how
end why, ¸ end d Summery O_hogrephy )
A. STRATEGY: The objective of this task is to quantify and explain the slbedo and color
variegations on the five inner medlum-slzed Saturnian satellites. We will investigate the
interaction of the E-rlng with their surfaces and other exogenic processes as a posslble
explanatlon form some of the albedo markings.
B. PROGRESS: (i) Completed and published color and albedo maps of the five Saturnian
satellltes: Enceladus, Mimas, Tethys, Dione, and Rhea. (2) Compared the maps with the
expected results from differential mlcrometeorltlc gardening and found that this mechanism
may be more important than accretion of the E-rlng in explaining the albedo patterns of
these bodies. (3) Derived surface properties of Ganymede and Calllsto, and found that
Calllsto has a marked hemispheric dichotomy in surface texture; Ganymede does not.
Fundamental photometric quantities were also derived.
C. PROPOSED WORK: (I) Perform detailed correlation between albedo and color of
Saturnian sate11ites as a function of distance from apex of motion and expected impact
gardening rates. (2) Obtain measurements of planetary surface materials at small phase
angles.
Do SUMMARY BIBLIOGRAPHY: Burattl, B. (1989). B.A.A.S. 21, 983.
Burattl et al. (1990). Icarus 83, in press.
Burattl, et al. (1990) Icarus, accepted.
Burattl (1990) Icarus, submitted.
E. PERSONNEL: 1 Senior researcher, i student.
TECHN{CAL
MONITOR
APPROVING
OFFICIAL
TYPED NAME AND SIGNATURE
TYPED NAME AND SIGNATURE
DATE
DATE
NASA _ORM 1588 MAY 8_ REPLACES NASA FORM T43 WHICH MAY BE USED SNEET 5 JPL 3931 S R 12,88
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Joseph A. Burns
Space Sciences Bldq. t Cornell Univ.,
Co-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE: .Physical Processes in Planetary Rings
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
Ithaca, b
14853-680]
a) Objectives. We wish to understand the processes that affect planetary rings, particularly narrow
ones and faint ones, since they are subject to a different hierarchy of physical processes than dense
planetary rings. By considering slightly different situations from the dense rings, we hope to isolate
the relevant physics in both circumstances. Since the processes that act on planetary rings have
counterparts in the dynamics that occurred in the solar nebula and the circumplanetary disks out of
which planets and satellites, respectively, grew, our studies may be relevant to the birth of the solar
system.
b) Progress. We identified periodicities in the integrated azimuthal brightness of Saturn's F ring;
we associate these with the gravitational perturbations of the inner shepherd and several as-yet
undiscovered moonlets. We determined the history of dust particles ejected from Phobos as they
become charged and influenced by the solar wind's convected magnetic field. We evaluated the
regions of potential spacecraft hazards due to material trapped in the vicinities of asteroids and
Saturn's E ring. We added collisions into a numerical simulation of a narrow perturbed ring.
c) Plans. We will complete our study of narrow perturbed rings, including the influence of collisions;
and we will apply our understanding of the F ring to the Encke ringlet and to the Keeler gap. We
will write up our finished research about the physics of circumplanetary dust (electrical charging;
orbital evolution; and passage through Lorentz resonances). We will investigate electromagnetic
effects on various ring topics (spokes; corotational Lorentz resonances and Neptunian rings;
asymmetrical coating of satellites, such as lapetus and Rhea, by dust; passage of grains through
planet's shadow). We will model the generation and evolution of faint rings, including Saturn's E
ring and the Uranian dust sheet.
d) R.A. Kolvoord, J. A. Burns and M. R. Showalter (1990). Periodic features in Saturn's F ring:
Evidence for nearby moonlets. Nature, in press. [Attached]
M. Horanyi, J. A. Burns, M. Tatrallyay and J. G. Luhmann (1990). On the fate of dust lost from
the Martian satellites. Geophys. Res. Ltrs., in press. [Attached]
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PROPOSJLL _/IIINAR¥
PRINCIPAL XNVESTIGATOR:
(Name, Address,
Telephone Number)
Co- INVESTIGATORS:
(Name Only)
erG. Burns
• of Earth, A_s. & _lanetarv Sci. 54_16
Mass. Inst. of _"_ch.r Cambridce. k% 02139
tale. #(617)253-1906 FAX #(6177253-6208 -
PROPOSAL TITLE: Electronic Spectra of :_terials Simulatin_PlanetarvSurfaces:
Mars and Venus
ABSTRACT: (Type slngle-spaced below llne. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the sccompllshmants of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
(a)_P.j.CEdiY._.Pyroxencs arzlolivincsarethemost common and abundant ferromagnesiansilicate
mineralsoccurringinprimary igneousrocksextrudedonto the surfacesof tcrrcswialplanets.Iron
cationsinthem contributesignificantlytoremote-sensedreflectancespectraof planetarysurfaces,
particularlyinthe Imicron and 2 microns wavelengthregionswhere crystalfield(CF) transitions
inFc 2+ ionsform the basisforidentifyingolivineand pyroxcnc compositionsand structure-types.
During extrusionof basalticmagma onto thesurfacesof Venus, Mars and Earth,however, these
Fc2+ ionsarevulnerabletooxidationby atmosphericCC)2 and 02.. The ferricironmay remain as
Fe3+ ionsinthepyroxcnc structureor form aveneerof ferricoxides. Eitherstateofferriciron
could obscure the diagnosticolivineand pyroxcnc Fe2+ CF spectralfeatures.To assesstheeffects
of aerialoxidationon fcrromagnesiansilicates,visible-nearinfraredreflectance,Mossbaucr and
several surface-sensitive spectral measurements are required to characterize atmospheric
degradation products of olivines and pyroxenes.
(b) _.Qg_. Acid-weathering of olivines and pyroxenes associated with oxidative weathering of
sulfides on Mars produces nanophasc FeOOH and Fe203 phases which may contribute to bright-
region spectra. Ferric iron, occurring either as structural Fe 3+ or disseminated as Fe203 in
olivines, orthopyroxenes and hedenbergites, drastically interferes with the Fe 2+ CF bands in the
visible-region spectra of these ferromagnesian silicates.
(c) Protx_sed Research. A variety of techniques, utilizing visible-near infrared and 4.2K
Mossbaucr spectra, and surface-sensitive Auger, ESCA and conversion electron spectroscopic
methods, are to be used to characterize reaction products of (1) pigeonitcs, augites and Mg-Fe
disordered orthopyroxenes after thermal oxidation; (2) olivines and pyroxenes reacted with hot
CO2; and (3) oxysilicates formed from Fe2+-OH--bearing minerals (clay silicates, micas,
amphiboles) by heating in vacuum and CO2 atmospheres. Characterization of such products will
lead to a better understanding of how surfaces of Venus, Mars and Archean Earth have been
modified by chemical reactions withtheiratmospheres.
(d) Fll.b.lJ.¢._1. See works by R.G.Burns with K.S.Bartels, D.S.Fisher, S.L.Martinez,
T.C.Solberg and/or D.W.Straub in: Lunar Planet. Sci., XXI, 145, 147,736, 1215, & 1217
(1990); idem, XX, 44, 129, & 299 (1989); Proc. 19th LPSC, 313 (1989); Mineral. Mag., 53,
135 (1989); ACS Syrup. Ser., ,115, 262 (1989); JGR, in press; Chs. in Remote Geochemical
Analysis: Elemental and Mineralogical Composition (accepted).
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Co-INVESTIGATORS:
(Name Only)
Donald B. Campbell
Space Sciences Building
Cornell University
Ithaca, NY 14853
PROPOSAL TITLE: Analysis of Radar Observations of the Moon and Venus
ABSTRACT: (Type slngle-spaced below llno. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c, brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a) Several small studies of the moon and Venus are being proposed which will
continue and build on several areas of the current work. Current and soon to
be acquired radar data sets for the moon and Venus will be used for: i) studies
of crater surrounds, volcanic flows and other features on Venus utilizing the
polarization properties of the reflected signal; 2) continued studies of the
scattering mechanisms and surface properties associated with lunar impact
craters, rifles, volcanic flows, domes, etc. by means of high resolution radar
imaging and studies of the polarization properties of the reflected signal. For
Venus, the measurements of the polarization properties may help to distinguish
impact from volcanically formed craters in the Areclbo imagery and will also
complement Magellan's results since the spacecraft's radar transmits and receives
a single llnear polarization.
b) Work to date during the current year has concentrated on the production and
analysis of images covering 50.10ekm 2 of the southern hemlsphere of Venus and on
a study of the polarization properties of the area around Sif and Gula Monies
in Western Eisela Reglo. Terrain in the southern hemisphere have been
categorized, mainly by comparison with images of the northern hemisphere from
the Venera 15/16 spacecraft, and the slze-frequency distribution measured for
the possible impact craters. The average crater density, 0.8 per 106km 2, in the
imaged area of the southern hemisphere appears to be significantly lower than
the average value of 1.3 per 10akm 2 obtained from the Venera 15/16 data for the
northern most quarter of the planet.
c) It should be possible to make significant progress during the new proposal
period in most of the goals outlined in a). More analysis will be needed of
the data ob_alned for Venus at Arecibo in 1988 to obtain the polarization
properties _ut this is already underway. Inltlal hlgh resolutlon radar
observations of the moon are scheduled for this coming June and so data should
be available to make significant progress in the lunar part of the proposal.
d) "Styles of Volcanism on Venus: New Arecibo High Resolution Radar Date", D.B.
Campbell, J.W. Head, A.A. Hine, J.K. Harmon, D.A. Senske and P.C. Fisher,
Science, 246, 373, 1989.
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pROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Co-INVESTIGATORS:
(Name Only)
Michael H. Carr
U. S. GeoloKical Survey, MS 946
Menlo Park I CA 94025
FTS 459-5174
PROPOSAL TITLE: Deuterium and the Mars water cycle
ABSTRACT: (Type slngle-spaced below llne. Lettered paragraphs
(a) through (d) should Include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief llstlng of what w111 be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
(a) The over-all objective is to better understand the role that water has played
in the geologic and climatic history of Mars. Recent measurements of the D/H in the
Mars atmosphere show that the Mars atmosphere is 5.1 times more enriched in
deuterium than the Earth's. This has previously been interpreted as indicating that
either Mars lost most of its initial inventory of water early in its history or that
little water has interchanged with the atmosphere. Both interpretations conflict
with geologic evidence. One objective of this proposal is to reconcile the
dueterium measurements with the geologic evidence. The second objective is to
further explore the implications of the presence of valley networks with respect to
climatic and ground conditions.
(b) Different geologtc processes were examined to determine their possible effect
on the D/H in the atmosphere. It was concluded that a variety of geologic processes
would have periodically introduced large amounts of water into the atmosphere,
thereby periodically resetting its D/H ratio. Between such events the D/H in the
atmosphere would have increased if there was limited interchange between the poles
and the atmosphere. The D/H ratio in the atmosphere, therefore, tells us little, if
anything, about the amount of water outgassed from the planet.
(c) Future plans. (t) Explore further the fate of water that pooled in the lakes
that must have formed at the ends of the large flood features, (ii) document
evidence that valley networks cannot have formed exclusively by groundwater
sapping, (iii) assemble unpublished estimates of early erosion rates on Mars, (iv)
better define conditions on early Mars that affect the stability of ground water.
(d) Recent relevant publications. Carr, M. H., D/H on Mars:
volcanism, impacts and polar processes (submitted to Icarus).
The early environment of Mars, EOS, v. 70, p. 1172.
Effects of floods,
Carr, M. H., 1989,
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p_OPOSAL SUMMARY
PRINCIPAL INVESTIGATOR: Mary G. Chapman
(Name, Address, U.S.G.S.: 2255 No. Gemini Dr., Flaastaff, AZ 86001
Telephone Number) 602-527-704_; FT5 765-7043
Co-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE: Geoloqic MaPs of the Granicus Valles Area, Mars.
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a. Objectives and Justification. The objective of this
proposal is to produce interpretive detailed geologic maps of
the Granicus Valles area, Mars. These maps will be at
1:500,000 scale, based on photomosaics of quadrangles HTH
25227, 30227, and 30222, which are composed of good to
excellent images. The maps will assist further research
whose goal is to (i) compare estimated original volumes of
erosional features with those of surrounding flow deposits to
determine genetic relations, and (2) study meander reaches on
Granicus Valles to provide information concerning bedrock
lithology and gradient. These a4ditional goals will be
pursued with the use of photoclinometry and measurements of
meander-length sinuousity.
b. New Proposal.
c. Work Plan for FY 91. Mapping of MTM 30222, followed by
photoclinometric and meander analyses. Begin work on MTM
30227 in the same fashion.
d. Summary Biblioqraphy. Publications pertinent to this
project include Tanaka et al. (in press) U.S. Geol. Survey
Misc. Inv. Set. Map 1-2147 (l:5,000,O00-scale geologic map of
Elysium region); Harden, 1990, Geol. Soc. Amer. Bull., v.
102, p. 233-242; Christiansen, 1989, Geology, v. 17, p. 203-
206; Mouginis-Mark, et al., 1984, Earth, Moon, and Planets,
v. 30, p. 149-173.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR: Philip R. Christensen
Department of Geology
Arizona State University
Tempe, Arizona 85287-1404 Ph. (602) 965-7105
CO-INVESTIGATORS: Dr. Donald Anderson
PROPOSAL TITLE: Thermal-Infrared Spectroscopy for Planetary Surfaces
ABSTRACT:
a) The objective of this proposal is to study the thermal-infrared spectral properties of
minerals, rocks, and natural surfaces, with the emphasis on development of quantitative
models to determine the composition of planetary surfaces. This objecuve will be
accomplished in four tasks designed to: 1) characterize the thermal-infrared spectra of a
suite of candidate planetary materials in emission; 2) develop quantitative methods for
component identification and abundance determination from thermal-infrared spectra; 3)
study the spectral properties of komatiites and basalts; and 4) study the spectral properties -
of natural geologic surfaces, weathering products, and soils to develop analytical tools to
interpret planetary observations.
b) New proposal. Major accomplishments on related, previously funded work include: 1)
acquisition of mineral and rock samples in emission; 2) detailed studies of spectral
properties of weathering coatings of varying thickness using rock samples collected in the
Mojave and southwestern Arizona; 3) analysis of the effects of composition and
vesicularity on volcanic glasses; 4) development of full emission spectra sample chamber
and emissivity algorithms; and 5) preliminary investigation of Mie and Chandrasekhar
(Hapke) theory radiative transfer models;
c)
d)
The results of this work will include: 1) continued development of a library of thermal-IR
spectra of planetary materials in emission over a range of particle size, packing, and surface
characteristics. The emphasis will be on the relationship of thermal-IR spectra to the
composition and physical properties of the surface and underlying rock; 2) development of
quantitative, radiative transfer models to model and deconvolve thermal-IR spectra of
mixtures; 3) detailed investigation of the spectral properties of a wide range of basalts; 4)
field and laboratory investigations of mixtures and coatings of aeolian sands and fan
surfaces to develop and test mixing models on real surfaces.
Relevant Publications:
Kahle, A., F. D. Palluconi, and P. R. Christensen,, Thermal emission spectroscopy: Application to Earth
and Mars, in Remote Geochemical Analysis: Elemental and Mineralogical Composition, C. M. Pieters
and P.A3. Englert eds., submitted.
Barbera, P.W., P.R. Christensen, S.M. Peacock, 1990, The geology of '.he Kelso-Baker Region, Mojave
Desert, California: Analysis of Thermal Infrared Multispectrnl Scannt;r Data, submiued to Geology.
Barbera, P. W., Geology of the Kelso-Baker region, Mojave Desert, Cal_fornia Using Thermal Infrared
Multispectral Scanner Data, Masters Thesis, Arizona State University, 1989.
Thliveris, S., Geology and desert varnish studies using TIMS data: Marble Mountains, California, Masters
Thesis, Arizona State University, in review.
Christensen, P.R. and S. Thliveris, Thermal-infrared spectral observations of coated surfaces, Lunar Planet
Sci. XX, 155-156, 1989.
Reyes, D., and P.R. Christensen, Mid-infrared spectra of komatiite vs. basalt, Proc. Lunar Planet. Sci.
Conf., 21, 1990.
Ondrusek, J., J.H. Fink, and P.R. Christensen, Mapping textural variations on silicic lava flows with
thermal infrared spectrometry, Reports of Planet. Geology and Geophys. Program, in press, 1990.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR: Philip R. Christensen
Department of Geology
Arizona State University
Tempe, Arizona 85287
(602) 965-7105
CO-INVESTIGATORS: Dr. David Krinsley
Dr. Bruce Jakosky
PROPOSAL TITLE: Thermal Conductivity Measurements for Planetary Surfaces
ABSTRACT
a) The objectives of this proposal are: 1) to determine the dependence of thermal conductivity on
the physical properties of a surface, including particle size, porosity, packing, and bonding; 2)
to develop an analytical model of thermal conductivity of particulate surfaces; and 3) to relate
thermal conductivity measurements to remote sensing observations. The thermophysical
properties of Mars have been extensively mapped, and thermal observations have also been
made of the Earth, the Moon, the asteroids, and the outer satellites. These observations can be
related to the physical properties of the surface through laboratory measurements of thermal
conductivity. This effort will conduct a systematic investigation of the full range of expected
planetary surface conditions, including mixtures of particle sizes, non-spherical particles, and
bonded grains. Pore size and geometry, gain-gain contacts, and inter-grain bonding play the
dominant role in controlling thermal conductivity at low pressures. It is proposed that these
properties be investigated in relationship to conductivity measurements, and a model of their
relative contributions be developed. These experiments and the resulting model will be
particularly important for interpreting Mars Observer Thermal Emission Spectrometer
observations to characterize martian surface properties.
b) Results to date include the development of the complete laboratory apparatus to perform the
necessary conductivity measurements. This setup provides for a full range of pressure, gas
composition, and temperature measurements to be conducted.
c) Future work will begin laboratory measurements, including: 1) collection of a uniform matrix
of thermal conductivity measurements at Mars pressures covering the full range of particle sizes
and mixtures of particle sizes; 2) scanning electron microscope (SEM) observations of particle
size, porosity, pore geometry, grain-grains contacts, and bonding which will be related to
thermal conductivity; 3) an analytical model of thermal conductivity in particulate materials; 4)
measurements of mixtures of particle sizes, which will be used to study natural surfaces; and 5)
a determination of the effects of bonding and particle shape on thermal conductivity.
d) Relevant Publications
Presley, M.A. and P.R. Christensen, Ther distribution and origin of duricrust on Mars, Lunar Planet
Sci. XX, 868-869.
Christensen, P.R., 1986, Regional dust deposits on Mars: Physical properties, age, and history, J. Geophys.
Res.. 91. 3533-3545.
Jakosky, B.M., 1986, On the thermal properties of martian fines, Icarus. _, 117-124.
Jakosky, B.M., and P.R. Christensen, 1986, Global duricrust on Mars: Analysis of remote sensing data,
J. Geophvs. Res.. 91, 3547-3559.
Pye, K. and D.H. Krinsley, 1984, Petrographic examination of sedimentary rocks in the SEM backscattered
electron detectors. J. Sed. Pet.. 54,877-888.
Krinsley, D. and R. Greeley, 1986, Individual particle and martian aeolian action - A review, Sed. Geolo_. 47,
167-189.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Names, Address,
Telephone Number)
Roger N. Clark
USGS, MS 964 t Box 25046 DFC, Denver, CO 80225
4303) 236-1332; -1335; FTS 776-1332_ -1335
CO-INVESTIGATORS: None
(Name Only)
Quantitative Remote Sensing of Mineral Abundance Using Reflectance
TITLE: Spectroscop>
ABSTRACT: (Single-spaced, type within box below. Paragraphs numbered (a)
through (d) should include: (a) brief statement of the overall objectives and
Justification of the work; (b) brief statement of the progress and
accomplishments of the prior year. or "new proposal"; (c) brief listing of
what will be done r/_is year, as well as how and why; and (d) summary
blbllography):
a. We wlll study the surface composition of planetary surfaces by
identifying species present and deriving their abundances. We will refine a
non-llnear least squares algorithm to solve for mineral abundance from
remotely obtained reflectance spectra of planetary surfaces using scattering
theories as well as studyln 8 the spectral properties of minerals and their
mixtures. Such analysis techniques are feasible and very important for
geologic remote senslng studies. Furthermore, with the advent of mapping
spectrometer instruments, it will be possible to determine and map mineral
abundances on a planetary surface. This research is vital to the
understanding of data from the Galileo NIMS experiment, Mars Observer TES,
Mars 94 VIMS, CRAF VIMS, Cassini VIMS and future missions.
b. During this last year, we completed papers on the discovery and
abundance of scapollte on Mars, the ice abundance and non-lce component on
Calllsto, and began analysis of new high spectral resolution data on Callisto,
Europa and Ceres. The scapollte on Mars has been controversial, but we have
completed a careful CO atmospheric removal and additional work on the
abundance, and find scapollte is consltent with the 2.36 and 3.8-_m spectral
regions. The scapollte abundances are reasonable at 8wt% or less, but still
have profound implications for martian geology. The USGS digital spectral
library and about 50,000 lines of spectral analysis software are being
distributed to the scientific community.
c. The surface composition of outer solar system satellites and Mars will
be analyzed with new IRTF high spectral resolution data. The new analysis
algorithms will be used in the above analyses, and their efficiency and
accuracy improved. More optical constants will be derived for geologicly
important minerals to be used in the above analyses.
d. Clark, R.N., G.A. Swayze, R.B. Singer, and J.B. Pollack: High
Resolution Reflectance Spectra of Mars in the 2.3-_m Reglon: Evidence for the
Mineral Scapolite, JGR Submitted, 1990.
Swayze, G.A. and R.N. Clark: Infrared Spectra and Crystal Chemistry of
Scapolltes: Implications for Martian Mineralogy, JGR Submitted, 1990.
Calvin, W.M., and Clark, R.N., 1990, Modeling the Reflectance Spectrum of
Calllsto 0.22 to 4.1 _m, Icarus in press.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR: Gary D, _lQw
U.S.G.S.. 345 Middlefield Rd,, M5-946
Menlo Park. CA 94025: (415) 329-5179
CO-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE:
Robert M. Hi_bfrl¢
Ice Sublimation Rates at the Surfi_¢¢ of Mars
ABSTRACT:
(a) Obiectiv¢; Many geomorphic features on Mars have been explained in terms of processes involving water
ice. The disposition of surface and near-surface ice is strongly influenced by sublimation rates, but previous
estimates of these rates are very uncertain. Our objectives are to 1) achieve a better understanding of water-
vapor transport mechanisms under Martian conditions, 2) develop simple parameterizations for near-surface
vapor transport specifically for Mars, and 3) calculate sublimation rates for a range of conditions to help
elucidate the nature of the many putative ice-related features on the surface of Mars. The results will have
implications for the polar caps, glaciers, snowpacks, lakes, frozen ground, global water cycle, and atmospheric
evolution.
(b) _ 1) A comprehensive model for heat and water-vapor transfer in the Martian atmospheric
boundary layer has been completed. The model includes both wind-driven and free-convection processes.
2) Parameterizatious have been partially completed. 3) We have readdressed Kahn's model of atmospheric
evolution in light of the new evaporative cooling rates.
(c) Work Plan FYgl: Calculate evaporation rates on Mars for a number of situations to 1) provide constraints
on lifetimes of possible lakes, glaciers, and a northern hemisphere ocean; estimate the mean residence time
of water molecules within these features; 2) reassess the stability of the residual polar caps; 3) reassess the
role of the northern residual polar cap in supplying water to the northern hemisphere atmosphere; 4) reassess
the stability relationships of a water-ice condensate at VL-2; and 5) provide better constraints on the limiting
pressure at which transient pockets of liquid water could form on Mars.
(d) Summary_ Bibliography:
Clow, G.D. and R.M. Haberle, 1990. Free convection in the Martian atmosphere, In Lunar and Planetary
Science XXI, Lunar and Planetary Institute, Houston, 210-211.
Ciow, G.D. and R.M. Haberle, 1990. Characteristics of the Martian atmospheric surface layer, In Lunar and
Planetary Science XXI, LPI, Houston, 209.
Ciow, G.D. and others, 1988. Climatological observations and predicted sublimation rates at Lake Hoare,
Antarctica, J.Climate, 1, 715-728.
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pROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Robert A. Craddock
CEPS/NASM 3101, Smithsonian Institution
Washington, DC 20560 202-357-1457 , .
Co-INVESTIGATORS:
(Name Only)
Larry S. Crumpler, Ted A. Maxwell, and
James R. Zimbelman
PROPOSAL TITLE: GEOLOGIC _[APPING OF THE CHRYSE PLANITIA
REGION/VIKING 1 LANDING SITE OF MARS
ABSTRACT: (Type single-spaced below llne. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this y,ear, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
(a) This proposal is for a 1-year study to map the Chryse
Planitia region of Mars around the Viking 1 landing site at
1:500,000 scale. Geologic mapping at this scale will help
determine: i) What is the depositional, erosional, and
structural history of the Chryse Planitia region, 2) How
representative is the Viking 1 landing site of the Chryse
Planitia region, and 3) Remaining questions that could be
answered by a return mission to Chryse Planitia (or the martian
surface) .
(b) This proposal is for an approved, but as yet unfunded,
study. Significant developments in the past year include
recognition of the complementary nature of efforts between
research lead by Craddock at the Smithsonian Institution and
Crumpler at Brown University and a bilateral agreement of
co-investigation in the proposed study area.
(c) New funding will enable studies of the surface physical
properties of Chryse Planitia, as well as the timing and
stratigraphy of units within one of Mars" deepest basins.
During the first part of the year, work will concentrate on
mapping the geologic units of the region, determined by
superposition, crosscutting relations, and (limited) crater
counts. These units will be compared to measurements of the
surface physical properties made from high resolution Viking
Infrared thermal mapper (IRTM) and Earth-based radar data. The
latter part of the year will be concentrate on determining the
extent of the surface physical properties, their similarities
with other areas on Mars; and their implications on rover/
sample return missions.
(d) Greeley, R. and Craddock, R.A., Geologic Map of the
Southern Mangala Valles Region of Mars (MTM -20147). In
review. Craddock, R.A. and Zimbelman, J.R., Yorktown and
Lexington: Distant Objects as Viewed by the Viking 1 Lander.
Lunar Planet Sci. XX, 193-194, 1989. Craddock, R.A., Rationale
for a Mars Rover/Sample Return Mission to Chyrse Planitia and
the Viking 1 Lander. Lunar Planet. Sci. XXI, 234-235, 1990.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR: Joy A. Crisp
Jet Propulsion Laboratory
California Institute of Technology
4800 Oak Grove Drive
Pasadena, CA 91109
CO-INVESTIGATOR: Stephen M. Baloga
PROPOSAL TITLE: RHEOLOGY OF PLANETARY LAVA FLOWS
A.ObJectlves The objectives are to investigate the effects of cooling and
crystallization on the rheology and morphology of lava flows on the Earth and
Mars, and to determine the relationship between the crystallinity of a
solidified lava flow and the rheology of the flow during emplacement.
Fundamental research on the basic physics of crystallization and its effect on
magma rheology is required to make new progress in the interpretation of lava
flows. The results of the study of crystallinities of terrestrial flows and
the combinations of theoretical models will be applied to martian lava flows
to infer eruptive, compositional, and rheologic parameters.
B.Accompllshments A mathematical model was developed for the cooling of lava
flows with two thermal components. This model was applied to martian flows to
estimate eruption rates. Viscometry and crystallinity measurements of the
Mauna Loa basalt were made. Invited lectures on lava flow modelling were
given at the UCSB and California Institute of Technology Geology Departments.
C.Proposed Work: (I) Make sensitivity tests and apply extensions of the two-
component thermal model that add temporal and spatial dependence to the
fraction of exposed core, core temperature, crust thickness, and/or flow
thickness of Hawaiian basaltic flows, (2) Complete the measurement and
analysis of crystal size distributions in the 1984 Mauna Loa flow and estimate
rates of crystal growth and nucleation, (3) Measure dimensions and thicknesses
of leveed and sheet flows on Mars and apply theoretical models for lava flow
emplacement to constrain eruptive and rheologic parameters, (4) Determine the
thermal budget of the 1984 Mauna Loa flow, and (5) Analyze laboratory viscome-
try data of the Mauna Loa samples.
D. Summary bibliography: J. Crisp and S. Baloga, 1990. A model for lava flows
with two thermal components, JGR, v.95, pp.1255-1270. J. Crisp and S. Baloga,
1990. A method for estimating eruption rates of planetary lava flows, Icarus,
in press. J. Crisp, 1990. Constraints on eruption rates and cooling of three
lava flows at Alba, NASA MEVTV Workshop on the Evolution of Magma Bodies on
Mars, San Diego, CA, January 15-17, 1990, pp.10-11.
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PROPOSAL SUMMARY
PRINCIPLE INVESTIGATOR:
(Name, Address,
Telephone Number)
Steven K. Croft
Lunar and Planetary Laboratory
University of Arizona
Tucson, Arizona 85721
(602) 621-2720
CO-INVESTIGATORS: None
TITLE: MARTIAN COLLAPSE TERRAINS
ABSTRACT; (Type single-spaced below line. Lettered paragraphs (a) through (d) should include: a.
brief statement of the overall objectives and justification of the work; b. brief statement of the
accomplishments of the prior year, or "new proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publications relevant to the proposed work.)
a. Obiective: To constrain models for the origin of the closed depressions in the vicinity of Valles
Marineris on Mars. Specifically to use geological and geophysical data to evaluate whether karst-like
terrains on Mars formed in a thick permafrost layer or in a deposit of carbonate rocks. The layers in
which the collapse depressions and canyons formed date to very early times in the geological history
of Mars. Determination of the origin of the layers will provide constraints on the early state of the
martian atmosphere and hydrosphere: composition, temperature, circulation, presence of liquid water,
and decline.
b. Pro.qress Report: Completed mapping of the Hebes Chasma Quadrangle.
c. Tasks: Review assigned maps and revise Hebes Map when reviewed.
d. Biblioqraph¥: Croft, S.K. (1989) Spelunking on Mars: The carbonate-tectonic hypothesis for the origin
of Valles Marineris. In MEVTV Workshop on Tectonic Features on Mars, LPI Tech. Rept. #89-06, p.21-
24. Croft, S.K. (1990) Geologic Map of the Hebes Chasma Quadrangle, VM 500K 00077. Rep. Planet.
Geol. Geophys. Pro.q-1989, submitted.
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Proposal Summary
Principal Investigator: L.S.Crumpler
Box 1846, Brown University,
Providence, RI 02912
401-863-3825
Co-investigator: R.A.Craddock
Title: Erosional and Depositional History of Central Chryse
Planitia
Abstract:
(a) Obiecflves. Three objectives are defined: (1) To use high resolution mapping to assess the
detailed depositional and erosional history of the central part of the Chryse Planitia basin. (2) To
examine the geologic context of the regional plains surface and local surface of the Viking Lander 1
and to determine if the characteristics and history of the local surface are representative of the
formation and modification of plains surfaces (a) elsewhere in Chryse Planitia and (b) on Mars in
general. (3) Assess the viability of the Viking Lander I Chryse Planitia site as a rover/sample
return site for future Mars missions.
(b) Accomplishments, This is a proposal for renewal of an approved, but as yet unfunded, study.
Significant developments in the past year include recognition of the complementary nature of efforts
between the research efforts lead by Crumpler at Brown University and lead by Craddock at
Smithsonian Institution and a bilateral agreement of co-investigation in the proposed study area.
(c) Proposed Worl£ (1) The initial phase will consist of a determination of the geologic history in the
central part of the Chryse Planitia based on mapping of terrane and stratigraphic units and tectonic
features in the MTM 20047 and 25047 1:500,000 scale photomosaic sheets. (2) We will compare
the surface seen at the Viking Lander I with (a) the surrounding surfaces in Chryse Planitia and (b)
observed characteristics of the surface around Viking Lander I using (a) regional Viking IRTM data
and (b) models of the origin and probable erosional characteristics of plains on Mars. (3) On the basis
of (1) and (2), we will (a) assess how much of what Viking Lander 1 determined about the local
surface might apply to Mars in general, and (b) compile a list of questions that the Viking Lander 1
site might reasonably answer both about Mars science and about the current operational unknowns of
a lander/rover/sample-return mission.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Jeffrey N. Cuzzi
NASA Ames Research Center. H.S.
Moffett Field, CA 94035 (415)
245-3
604-6343
Co-INVESTIGATORS :
(Name Only)
Richard H. Durisen, Mark R. Showalter, Luke
Dones, Linda J. Horn, Anthony R. Dobrovolskis
PROPOSAL TITLE : Planetary Ring Studies
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a) This research consists of integrated theoretical and observational studies of the dynamics,
morphology, and particle properties characterizing planetary ring and satellite systems.
b) 1. We have run ballistic transport evolutions with both Goldreich - Tremaine and Araki -
Tremaine viscosity laws. Our recent simulations of inner ring edges include both angular and
velocity distributions of ejecta, and have been run for roughly 10 million "actual" years, they
show development of structure very reminiscent of that seen in the A and B rings. 2. We are
studying the ring "irregular" structure and determining the distribution of spatial frequencies in
them with a Burg 2 maximum entropy algorithm. Initial results clearly show the presence of
characteristically 80 - 100 km spatial structure in the inner B ring. 3. We have implemented
multiple scattering in our non-classical "ray-tracing" radiative transfer model, and have applied it to
the A ring brightness asymmetry. 4. We concluded our study of the E and G rings of Saturn, and
are preparing a paper on the results. We have revised and re.submitted a paper on constraining
particle sizes using fluctuations in stellar occultation data. 5. We have initiated studies of
nonlinear dynamics in regions surrounding ringmoons or moonlets using a mapping technique.
c) We will improve the gridding of our ballistic transport evolution code to resolve structural
features of widths seen in the real rings. We will include the different angular and velocity
distributions resulting from disruptive impacts, and/or from Saturn family projectiles. We will
spectrally analyze scans of the entire B and inner A rings to constrain the characteristic spatial
scales and their variation with location in the rings. We will complete the implementation of
multiple scattering in our non-classical ray tracing code, and use the code to constrain possible
variations in particle packing fraction across the rings. We will derive and implement perturbations
in particle inclination, and second-order perturbations in eccentricity, for inclusion into our
mapping algorithm.
d) Cuzzi, J.N., and R.H. Durisen (1990), Icarus, in press; Dones, L., M.R. Showaher, and J.N.
Cuzzi (1989) in "Dynamics of Astrophysical Disks", J. Sellwood, ed., Cambridge Univ. Press;
Durisen, R.H., et al. (1989), Icarus, 80, 136-166; Flynn, B.C., and J.N. Cuzzi (1989), Icarus,
82, 180-199; Horn, L.J., et al. (1989); B. A. A. S. 21,928.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Jeffrey N. Cuzzi
NA,qA Ames Resp_rch Center: M..q- 245-3
Mnffett Field. CA 94035 (415) 604-6_43
CO- INVESTIGATORS :
(Name Only)
.lnp I l p Champney: Anthony Dohrnvnl ski s
PROPOSAL TITLE: partirle-gasDynamics in the Protoplanetary
Nebula
ABSTRACT: (Type single-spaced below llne. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a) This research consists of theoretical modeling of the coupling between the spatial and velocity
distribution of both particle and gas phases in the early stages of the protoplanetary nebula.
b) In this year, we have improved our Schmidt number model (characterizing particle diffusion) to
account for a spectrum of eddy sizes and realistic geometries, and for simultaneous settling under
gravity, and have begun to explore the possibility that "centrifuging" causes preferential diffusion
of particles in the centimeter-to-meter size range. We have performed a variety of simulations of
the gas viscosity with two different viscosity models, and have identified the sensitivity of the
more complex model to damping of turbulence by the particle phase. We have performed model
runs comparing the nebula behavior for a range of qualitatively different viscosity profiles. We
have demonstrated with several sample runs that radial transport associated with the two-phase
aspects of the nebula is robust and competes with previously suggested processes for both net
mass transport (material moves 0.1 - 1 AU relative to the gas in the time it takes for growth of
planetesimals), and with volatile transport at "condensation fronts" (we generate a Jupiter core of
condensed water in 105 - 106 years). We have begun to consider the implications of our model for
proto-satellite nebulae which surrounded the growing gas giant planets. We have improved the
numerics of our code in several ways to make it more accurate and efficient. We proposed for, and
were granted, 150 Cray hours on the Ames National Aerodynamic Simulator. We presented the
work to the AIAA and the Protostars and Planets conference, and have one manuscript complete
and another (as well as part of a book chapter) in preparation.
c) We will continue to model the behavior of protoplanetary and proto-satellite disks, with a range
of particle sizes, densities, and nebula pressure gradients. We will begin 2-D modeling of
"condensation fronts". We will study the damping effects of the particles on the turbulence with
our two-equation viscosity model. We will implement several different treatments of the particle
viscosity, ranging from simple particle disk models to fluidized-bed models, in our modeling of
dense particle disks. We will further improve our Schmidt number model to include particle
"centrifuging" effects.
d) Champney, J.M., and J.N. Cuzzi (1990) A turbulent two-phase model for nebula flows; AIAA
paper 90-0211; 28th Aerospace Sciences Meeting, Reno, Nevada; Cuzzi, J.N., J.M. Champney,
and A.R. Dobrovolskis (1980) Particle-gas dynamics in the protoplanetary nebula; presented at
Protostars and Planets Ill, Tucson, March 1990.
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P_OPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Donald R. Davis 602-881-0332
Planetary Science Institute
2/'21 E. 6oh St._ Tucson AZ 85719
Co-INVESTIGATORS :
(Name Only)
PROPOSAL TITLE:
Stuart J. Weidenschillin=
Eileen J. Rvan
Understanding Asteroid Col!isional History Through
=xper_ments an_ Numerical Studies
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a) This program investigates the co!lisiona! evolution of asteroids and the process of catastrophic
disruption by collision through theore:ica! Bodeling, labor, tory e=periments and development of scaling
laws. Ve carry out collisional disruption experiments in order to obtain the experimen=al daza uecessaz
zo develop numerical aigori=hms for col!isional outcomes and to tes= scaling laws. We develop and appl_
numerical models of the collisional evolution of asteroids, considering observations! constraints such
_he size and rotation distributions, _he number of dynamical families, Yesta's basaltic crust, etc. in
order _o understand which asteroid characteris=ics are the product of their collisional history and whi¢
are primordial in origin.
b) Under _he experimental area, we reduced and analyzed experimenual data on the fragmentation of
aggregate targets and on the mass-velocity distribution o_ fragments. Ve collaborated with lelosh and
Isphaug in developing and testing a 2-D hydrocode progr_ with finite strength e_fec=s included. This
_ooi will enable us _o _est scaling laws for collisional outcomes. Ve developed and published an
interpreza=ion of new ds=a on the size distribution o_ different asteroid taxonomic types based on their
collisional propez_ies. I ne_ model fo= the spin raze of pa_iall7 dispersed cores was developed,
completing our-comprehensive algorith_ for asteroid collisional spin changes. This slgorizbm was
incorpora=ed in¢o our nume=ical code and applied ¢o szudy the simul=sneous size and spin evolution of
asteroids. We prepared and snbmitzed a manuscrip_ describing this new model sod the edfec=s of
collisions on aszeroid ro_ation rates.
c) In the experimental area, we will ca.-':7ou_ col!isional disruption experiments to s_udy the effects
of _srget s_ruczures and projec¢ile/_srge¢ s_rengzh differences on collisionsl outcomes. We will also
carry out experiments in association .wi_h colleagues designed to tes; pressure strengthening effec=s in
our scaling laws. Ve will apply _he 2-_ hydrocode model to s_udy the size scaling of collisional
outcomes and to model the mass-velocity dis=ribution of the fragments. For as=eroid collision we propos
zo study zhe collisional "con_ert" of aszeroids 951 Gaspra and 243 Ida, two small asteroids that will be
observed up close by _he Galileo spacecraft. _e will determine the collisionsl history of asteroids zha
satisfies all observational constraints using our integrated size-spin model.
d) In the pas_ year we produced, revised or contributed zo 9 book chapters, papers or manuscripts, 3
abstracts and made 3 oral presentations, lecent papers are : (1) "On Coltisional Disruption:
Experimental _esul_s and Scaling Law," _. E. _svis and E. ¥. _yan, Icarus 83, 156-182 (1990); (2) "On _b
Size Distribution of Asteroid Taxonomic Classes: The Collisiona! I_e_tion," D. _. _avis, in
Isteroids. Come_s and ieteors III, Laeerkvist et al., eds., Jan. 1990; (3) "isteroid Collisional
Evolution I: Angular lomentum Splash_ Despinning isteroids Through Catastrophic Collisions," submitted
to Icaru__.___s,Oct., 198D.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
CO-INVESTIGATORS:
(Name Only)
Philip A. Davis
U.S.G.S., 2255 N.Geminl Dr.,Flagstaffr AZ
FTS 765-7201 (6021 527-7201
Kenneth L. Tanaka
Jeffrey B. Plescia
PROPOSAL TITLE: Mars' Geology and Morphology
ABSTRACT: (Type single-spaced within box below. Paragraphs numbered (a) through
(d) should include: a. brief statement of the overall objectives and
justification of the work; b. brief statement of the accomplishments of the prior
year, or "new proposal;" c. brief listing of what will be done this year, as well
as how and why; and d. one or two of your recent publications relevant to the
proposed work.)
(a) Objectives: The objectives of this proposal are to obtain and to use
photoclinometric-profile data for a variety of tectonic features on Mars to
estimate (1) from grabens, the thickness of the faulted layer, the amount of
extension and strain, and the variation of these parameters with time and space;
(2) from pit chains, mechanisms for pit formation and the relations between pit
formation, local regolith thickness, and graben formation; and (3) from wrinkle
ridges, the amounts of regional crustal shortening and strain, and their relation
to the local geologic setting.
(b) Accomplishments: We have completed a detailed photogeologic study of the
sequence of tectonlsm at Alba Patera. We have examined the morphometry of 170
grabens within Alba Patera and estlmated the depth to the mechanical
discontinuity that initiated faulting to be 1.6-2.3 km. Six hundred pit-spacing
measurements and several trough depths within Alba Patera indicate an average
regolith thickness of 1.6 km. The depths indicated by pit-spacing, trough, and
graben data are consistent with proposed cryosphere thicknesses at midlatitudes.
We have also estimated the total extension across southern Alba Patera to be
about 0.4%. We have obtained in excess of 400 profiles across wrinkle ridges in
Lunae Planum and Amazonis Planitia, which indicate a total shortening of 1.6 km
across Lunae Planum and, therefore a total compressional strain of between 0.2
and 0.5%.
(c) Work Plan (FY91): Task 1: to determine the amount and timing of extension and
the thickness of the faulted layer north of Alba Patera and within Mareotls,
Tempe, and Acheron Fossae. Task 2: to examine genetic relations of associated
collapse and erosional features in these areas. Task 3: to define the magnitude
and timing of regional crustal shortening and the amount of strain around the
southern and western Tharsis regions as reflected in wrlnkle ridges.
(d) Recent Bibliography: Davis, P.A., and Golombek, M.P., Discontinuities on the
shallow Martian crust at Lunae, Syria, and Sinai Plana: J. Geophys. Res., in
press; Tanaka, K.L., 1990, Tectonic history of the Alba Patera-Ceraunius Fossae
region of Mars: Proc. 20th Lunar Planet. Sci. Conf., 515-523; Moore, H.J., and
Davis, P.A., 1990, Analyses and morphology of a lava flow, Ascraeus Mons, Mars:
Lunar Planet. Sci. XXI, 805-806; Plescla, J., 1990, Photocllnometric analysis of
wrinkle ridges on Lunae Planum: Lunar Planet. Scl. XXI, 967-968; Golombek, M.P.,
Suppe, J., Narr, W., Plescla, J., and Banerdt, B., 1990, Does wrinkle ridge
formation on Mars involve most of the lithosphere?: Lunar Planet. Sci. XXI, 421-
422; Davis, P.A., and Tanaka, K.L., 1990, Shallow crustal discontinuities in the
Alba Patera-Tempe Terra region of Mars: NASA Tech. Memo., Reports Planet. Geol.
and Geophys. Program - 1989, in press.
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PROPOSAL SUMMARY SHEET--ABSTRACT
PRINCIPAL INVESTIGATOR:
Dr. Rene A. De Hon
Department of Geosciences
Northeast Louisiana University
Honroe LA 71209
(318) 342-2188
CO-IN MESTIGATO]RS: None
PROPOSAL TITLE: Fluvial and Lacustrine Depositional Patterns and
the Martian Landscape
ABSTRACT:
A. OBJECTIVES: This proposal is for studies of martian sedimentary
depositional systems. The broad based objective is the identification
of potential sites of significant sedimentary materials of regional
extent deposited by water or ice at the terminus of distributary
systems as ]aRe/sea/ocean sediment.
B. ACCOMPLISHNENTS: New Proposal--but--This study is continuation of
studies into sediment distribution systems and local sediment systems
in channels, local basins, and alluvial fans or deltas. Previous
studies have focused on lacustrine sites of deposition and
depositional patterns at the terminus of some outflow systems.
C. TASI<S:
Primary tasks are to study regional patterns of valley systems with
emphasis on the final sites of deposition. Of chief interest are the
Chryse basin, Hellas basin, Deuteroni]us--Acidalia region, and
northwestern Elysium--Utopia region. In addition to searching the
clastic depositional systems, an alternative approach is to search for
the signature of weathering characteristics indicative sedimentary
precipitates.
D. RECENT PUBLICATIONS OR PRESENTATIONS:
De Hon, R.A° 1987, Ring furrows: Inversion of topography in martian
highlands: Icarus 71, 287-297.
De Hon R.A., 1989, Flood surge in martian outflow systems: Episodic
flow: Lunar Planet. Sci. Conf. XX, p. 230-231.
De Hon IR.A.,1989, Nartian Lacustrine Plains: 4th Nars Conference,
Tucson, p. 90-91.
De Hon R.A., 1990, Hydraulic routing of the Haja Outflow across
Xanthe Terra: Lunar Planet. Sci. Conf. XXI, p. 266-267
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pROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Co-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE:
Professor Stanley F. Dermott
224 SSRB, Dept of Astronomy, U Florida
Gainesville, FL 32611, (904) 392 3748
Dr. Carl D. Murray
Dr. Peter C. Thomas
Dynamics of Satellites and Dust
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal_;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
(a) Objectives. (1)To investigate the orbital evolution of dust particles in the solar
system under the action of drag forces, planetary perturbations and particle collisions in
order (i) to determine those orbits that result in the transport of asteroidal partilces to the
Earth (ii) to determine the origin of the particles in the zodiacal cloud, and (iii) to interpret
the IRAS dust data. (2) To measure the shapes of satellites in order to place constraints
on their mean densities and internal structures. (3) To investigate the dynamics of
resonance, particularly temporary trapping and chaotic motion, in the satellite systems of
Saturn and Uranus, in order to determine the orbital, internal, and thermal histories of the
satellites.
(b) New Proposal.
(c) First Year Work Statement. (1)We will determine the structure of the zodiacal
cloud that would be produced by collisions amongst asteroids alone and compare that
structure with the structure of the cloud observed by IRAS. (2) We will re-examine the
shape of Mimas, complete our work on the shape of Enceladus, and measure the shape
of Tethys. (3) We investigate the orbital evolution of the Saturnian satellites prior to the
formation of the observed resonances between Mimas, Tethys, Enceladus and Dione.
(d) Recent Relevant Publications
(1) Derrnott, S. F., and Nicholson, P. D. 1989. IRAS Dust Bands and the Origin of the
Zodiacal Cloud. Highlights of Astronomy 8, 259-266.
(2) Dermott, S. F., and Thomas, P. C. 1988. The Shape and Internal Structure of Mimas.
Icarus 73, 25-65.
(3) Dermott, S. F., Malhotra, R., and Murray, C. D. 1988. Dynamics of the Uranian and
Saturnian Satellite Systems: A Chaotic Route to Melting Miranda. Icarus 76, 295-334.
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pROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR: William B. Durham
(Name, Address, University of California, Lawrence Livermore
Telephone Number) National Laboratory, Livermore, CA 94550
(415) 422-7046
Co-INVESTIGATORS : Stephen H. Kirby
(Name Only)
PROPOSAL TITLE : Rheologies of planetary ices
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
(a) The Voyager spacecraft have now imaged icy moons of all four of the solar system's giant, low-
density planets, and have revealed tectonic activity on all but the tiniest moons. The largest satellites
whose surfaces are visible, Ganymede, Callisto, and Triton, probably have histories dominated by the
activity of water and water ice. Activity on the smaller moons of Saturn and Uranus suggests important
amounts of ices and liquids in the NH3-H20 system. Methane clathrate is expected to be present on
some of the colder moons on the basis of cosmochemical arguments, and solid methane and perhaps
nitrogen may be present on the surface of Triton. To aid in the interpretation of geologic features on
the surfaces of the icy moons and to help understand the evolution of their interiors, we propose to con-
tinue our laboratory measurements of important planetary ices under condition_, ,f pressure and tem-
perature that exist on and within the icy satellites.
(b) In the past year we completed the proposed measurement of solids and partial melts in the
NH3-H20 system over the composition range 1 to 29 wt% NH 3. We perfected techniques for fabricat-
ing samples of pure methane clathrate and made preliminary measurements of the strength of Ihat
material, finding it to have strengths comparable to those for pure water ice at 140 and 160 K. We
reinvestigated certain effects in ice I related to phase transformation: we found a nonisotropic morphol-
ogy of ice II inclusions in ice I samples that were partially transformed at warm temperatures; we found
the anomalous pressure-independent failure of ice I at cooler temperatures is associated with thc forma-
tion of small amounts of ice II, a process that may have analogies to deep-focus earthquakes on earth.
(c) In the coming year we will (1) measure the flow of NH3-H20 ices at the very low strain rate of
3.5 × 10 -7 s-1, (2) complete the survey of the strength of methane clathrate as a function of tempera-
ture, pressure, and strain rate, and (3) build a 1-GPa pressure vessel for the creep apparatus that will
allow us to measure the creep properties of pure water ice VI.
(d) Durham, W. B. and S. H. Kirby, Planetary ices: A comparison of theologies at T < 200 K
(abstract), Lunar Planet. Sci., XXI, 305-306, 1990. Kirby, S. H. and W. B. Durham, The ice I-II
transformation under nonhydrostatic stress: New observations relevant to the mechanisms of bulk
transformation, faulting and deep earthquakes (abstract), EOS Trans. Am. Geophys. Union, 70, 1316,
1989.
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PROPOSAL SUMMARY
A.W. England, Principal Investigator
F.T. Ulaby, Co-investigator
Radiation Laboratory
Department of Electrical Engineering
and Computer Science
The University of Michigan
Ann Arbor, MI 48109-2122
Ph: (313) 764-0500
Title: THEORETICAL AND EXPERIMENTAL MODELS OF
THE DIFFUSE RADAR BACKSCATTER FROM MARS
ABSTRACT
a) Our objective is to develop a theoretically and experimentally consistent explanation for the
diffuse component of radar backscatter from Mars. The strength, variability, and
wavelength independence of Mars' diffuse backscatter axe unique among our Moon and the
terrestrial planets. This diffuse backscatter is generally attributed to wavelength-scale
surface roughness and rock clasts within the Martian regolith. Through the combination of
theory and experiment, we would bound the range of surface characteristics that could
produce the observed diffuse backscatter, and, by geologic inference based upon Viking
and other analyses, develop regional scattering models for Mars.
b) This is a new proposal.
c) During the first year, we would gather the existing radar backscatter data, develop
computational models for backscatter and emission from random, scaling surfaces, and
develop scaled analogs of Mars random surfaces. Both fine-scale roughness and rock
clasts contribute to the diffuse backscatter. Our initial focus is upon the contribution of the
fine-scale roughness because it constitutes a background for the overall, diffuse
backscatter. The combination of theoretical and experimental modeling serves to reduce the
uncertainty that is inherent with any modeling approximation.
d) Relevant publications:
England, A.W., "Characterization of Rough Surfaces," Proc. of Workshop on Ground Probing
Radar. May 24-26, 1988, Ottawa, Canada, in press.
England, A.W. and G.R. Johnson, "Spectral Gradient of Lunar Radiobrightness--Heat Flow or
Volume Scattering?" J. Res. U.S.G.S.. Vol. 6, pp. 505-509.
Ulaby, F.T., R.K. Moore and A.K. Fung, "An Introduction to Random Surface Scauering and
emission," Microwave Remote Sensing--Active and Passive, Vol. IL Addison-Wesley, pp.
922-1033.
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PROPOSA L SUMMARY
PRINCIPAL INVESTIGATOR: Von R. Eshleman, Professor
Center for Radar Astronomy
Stanford University
Stanford, CA 94305-4055
TITLE: Theoretical Studies of the Radar Properties of the Icy Galilean Moons of Jupiter
ABSTRACT: (a) We propose a final contract renewal period of six months to complete our
research on the interesting radar backscattering properties of the three icy Galilean moons of
Jupiter--Europa, Ganymede, and Callisto. In this time we propose to publish a Ph.D. dissertation
and to prepare a paper for journal publication. The radar properties of these moons were once
called anomalous because of their unusual brightness and polarization properties compared to
those of rocky planets and moons and even those of common scattering objects such as metallic
spheres. However, new evidence indicates that the radar bacscattering from the Galilean moons
may be typical of that from other icy surfaces. Since the Galilean moons are the most well studied
icy surfaces, it is important to gain an understanding of the geophysical characteristics of their
surfaces responsible for the unusual radar echoes. Using theoretical models for the backscattering
and by comparing with data we hope to gain such an understanding or to at least determine what
new information is needed.
(b) In the past year we have continued to develop the most successful model that has been
proposed to explain the radar echoes from the Galilean moons, namely the buried-crater model.
We have shown that this model is consistent with all the gross features in the non-coherent data.
We have also completed our invoivment, under NSF funding, in an experimental effort to obtain
for the first time coherent radar data using the Arecibo Observatory in three separate campaigns
in 1987, 1988, and 1989-90. We have processed much of that data and have made calculations
based on the buried-crater model of the expected statistical correlation between the two orthogonal
polarizations received. The data indicates that the correlation, if any, is below the noise level and
our calculations are consistent with this. We have one set of data in which linear polarization was
used instead of circular and that data indicates some correlation. However, it is not clear if this
may be due to unwanted correlations introduced by the Arecibo antenna system or to unfavorable
conditions for the use of linear polarization on that day of observing. We have done some additional
tests that may help us to decide this matter.
(c) During the six month renewal period we are requesting, we propose to complete the reduction
of the Arecibo data and our comparisons with the buried-crater model. We propose to develop the
major theories that have been offered as explanations of the data into a common state of completion
for comparisons with data and each other. It is important to determine which theories are most
compatible with the data and to use them in designing new experiments. One such experiment
that would provide valuable information would be to use the Galileo spacecraft with an Earth
based radar in a bistatic mode to obtain the angular dependence of the radar scattering by these
moons. Thus, we will develop the most viable models to calculate the full angular dependence
of the radar scattering by an icy moon. We will also compare the geophysical implications of the
various models. This work will lead to the completion of a Ph.D. dissertation in the next six months
and to publication of a journal article.
(d) We have included an appendix showing some of our reduced coherent data, an abstract
presented at the 1988 DPS meeting, and a reprint of a paper published in 1990 in the journal
Advances in Space Research.
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P.I. Larry W. Esposito
LASP CB 392
University of Colorado
Boulder, CO 80309-0392
PROPOSAL SUMMARY
Title: Dynamics of outer planet tings
ABSTRAC/':
a. The Voyager occultations provide several uniform and high quality data sets for the rings of
Saturn and Uranus. The spatial resolution is generally better than 100 m and the wavelengths of
observation range from. 13_t to 13crn. We propose to study and inter-compare these data and de-
velop theoretical models for particle size and particle transport.
b. Particle sizes in Saturn's rings. We have completed development of automated methods to
intercompare Voyager Saturn radio, UVS and PPS ring occultations. We have fitted two models
to these data: a power law size distribution extending from micron to meter-size particles; and a
power law for particles larger than several microns combined with a gamma distribution of submi-
cron particles. These results imply variations among the rings in dust content and the creation of
small particles at density wave locations.
Numerical simulation of multiple particle size narrow rings. We have extended our Markov formu-
lation to systems composed of two particle sizes. The larger particles are 8 times more massive
than the small particles. These simulations show the development of sharper edges than for rings
composed of particles of a single size. Furthermore, the tendency for equipartition results in a
slower overall spreading rate for a narrow ring. Two papers published in Icarus.
c. We will use the Voyager occultation data to derive consistent models of the size distribution
and its variation in Saturn's rings, with special attention to density wave locations and differences
among the main rings. We will include non-axisymmetric perturbations in our Markov process
simulation of particle dynamics and apply it to explain sharp ring edges observed in Saturn and
Uranus tings.
These results have implications for the structure and longterm evolution of planetary rings.
d. Summary bibliography (CY89): 3 papers published; 3 abstracts.
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PROPOSAL SUMS___RY
P.___N.CI._AL IN-_ESTIGATOR:
(Name, Address,
Telephone Number)
P!=_ne-,__-, Geosc:ences Div.. Hawaii inst. of Geophysics
TTniv. of Hawaii. 252_ Correa Rd.. Hen., HI 96822
Co-INTZSTIGATORS :
(Name Or/y)
PROPOSAL T=TLE : Vol__ti!es in PLad%tar-- _eso!iths, NAG;;'t33
ABS=TxACT: (-"_!P.e single-spaced be!cw !Lne. Lettered paragraphs
(a) ---__-zuqh (d) shcu!i include: a. brief statement of the
overall objec-.ives and justification of the work; b. brief
s-,atamen- of _--he acc=mplis,_-_-ents of _--he prior year, or "new
przpcsal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevan_ tz the proposed work.)
(a) Our objec:ives=e :o investigatethe evolutionofvoL_iie3yscemaon pi_ec_ry bodies_d :he incer_don
ofvol_-ileswici p[_nec-_-'7_urf_ces.
(5) We completed,_paper encided"The [n/Cluence of CO Ice on the .%.c;ivi_y and _eaz Surface Dif[erencL_cion
ofComet .N'uc:.e.'.This paper concerns_he etTec:sofCO on :he activitya-d _he_&razigr_phyofcomers. A previ-
ous computer model ofa comet nucleuscomposed of _wo {cosand nouvoiarileswa-.used co compute temperature
pro61es,]:[20and CO ,qu.xesand iepchs o_CO icea_a,lunch;onofhellocengric_isca.uce.S_5sIu_'aceCO gas pres-
sures and the _izeofputativeE20 icegrins ern/ccedfrom *.henucleuswere _/SOca/cula_ed.For the orbitof
P/Halley ;t w_ found "_h_cCO gas production would exx:eed ]_.20 g_s production beyond 2.S AU from the sun and
_hac CO ice would _iwa_ be within 3 m of the _urface. Tkis paper h_ been accepeed for publication in Icarus.
_Ve ._I_ocompleted a paper entitled "The Evolution of the V¢_cer Re_.,ue of Phobos °. We _nproved our otis-
ha/model (Fan_e and Salva_l, 1989) by includ]ng _.he effects of time v-_-ying obi{quiCy, eccencricic 7 and solar lumi-
nosity. Temperucures water _luxes and depths of ice were compuced over _eoloqic time for the *moire r_nge of L=i-
tudes and for gwo sea of porosities ._-d pore sizes. The ice was a._.'mLmed_o be _cri_uced either --i¢orm/y
_hroughouc Phobc_ or concencr:_ced in a near surf_e layer, and three initial _c,-ions of _ were considered. If
ice were mdciaily concencr-_ed in a near surf_w:e layer and if ks initial mass _racdon were .01,[__ found _h_ [C
would currently exist w_Cbin I km of _he surface _ al_ latitudes for a planet of low permeab_Cy or _ l_iCudes
ki_.b.erthan _bouc _0 forone ofhiK/*permea_bi]]Cy. T3is p&per has been subm/cced Co _r.arus.
Co)We wiI1 investigate the poaihle evolution of skorc period come_ into as_roid_/objects by either remora/
of ice over _ nonvoL_iIe core or the formazion of _. permanent; nonvolaciIe cruse. This is moCivar.ed by sCa_is_io
which show cha_ SP comeCa and _cero_ occupy sepaz-aZe re_io-a of an A-E dL_razn. Our prev_us computer
models wi_ be _.sed Cocompute temperatures, _ fIuxes, ice ablationra_e_and _he thicknesa of _ nouvoL_ile cr_sc,
if app/ica_ble, in low eccentricity orbits char_ceris_ic of _k_. S_m/_ emission mech_-, involvin_ book
coheriu_ and non-coherin_ nonvoL_ile _ will be conaidere_ _, well _, cl_eren_ orbks Co determine whether
diver_enc behavior c_ be made Co occur.
Vv'e wi_ modify our computer model of the wzcer re_/hne of Aatero_d Ceres co predict observ_iona/ ch_-ac-
Ceriscics such as OH bri_hcne_, line profile, _eM ofview geome_r7 and velocities. Th_ win m_lowproper compar_on
be_,een obse_-wr_ons and our model predictions.
We _i1 per'formlabor,gory work _o decorate whether a/ter_ion of the s_-_:es ofme_eot/ce parent bodies by
vitri_c_,cion and comminution may be _ecting the reflectance _pectra of optic_[ surfaces of _ceroids, le_ing to
erroneous idenci_cacion. The real- criteria for • mazch between speccr_ h_ been --Mysis of _bsoluce reflectance,
band centers, band depth and continuum slope. The laborazory work will involve _imulazin_ processes _a.kirt_ pl_e
on a_ceroid _un'a_es by vitrifT/ng and pulverizing meteorite samples and then observing and identifying the changes,
if _my, in :he _eflec:a_nce _pec*.ra. Thi_ willallow us to identify Lmpor_anc processes occun/ng in _ceroidal rego[ichs
and _o place limits on the depend.-bi/icy of some of the criteria for _pectra/ matching between meteorkes and
asteroids.
(d) Foma/eand Sa/vail(1084);Ya_.-le_ad Sa/vail11986).
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PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Co-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE:
Fraser P. Fanale
Planetary Geosciences Div._ Hawaii Inst. of Geophysics
University of Hawaii. 2525 Correa Rd., Hon., HI 96822
(808) 9&_-6&88
Volatiles on Outer P!anetarv Satellites, NAGW 633
f
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a_ through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevanZ to the proposed wcrk.)
(a) Our objective is to invescigar-e the voL_Lle sys_err_ on the outer p_anetary satellites.
(b) We revised our paper on the "solid sta_e greenhouse e_ect" to include results for vapor _luxes, volumetric
ratesof sublimationand condensationand the relativecontributiousof the variousmodes ofenerg7 transpor%in
a_iditionto temperatures.Resultswere obtainedfortwo valueseach ofthermalconductiviey,sunlight_inction
coe_icientand poresize.Itwas found thatphase changesand mass transportgreatlyreducethe effectofsunlight
penetr_ion intowater ice;however,the "solidsta_egreenhouseeffect.°remainssignificant,making itmore likely
tha,.liquidwater existseveralkilometersbelow the surface.
We also used an existingcomputer model to investig_ethe comet-likeactivityof minor planet Chiron,
assuming itto be composed of s homogeneous mixture of H20 and CO icesand nonvolatiles.Assuming thac
Chiton isfairlycompact and cohesive,itwas found tha_chemicaldifferentiationwould causea w_er iceand dust
layerto form tha_would increasestreadilywith time,togetherwith a s_eadydecreaaeingas production.This sur-
face layer keeps the CO interface nearly isothermal alter the ftrst few orbits, thus eliminazing _he cyclic heazing
_socia_edwith decreasinghellocen_ricdistanceas a causeofoutburstsofac=ivity.We axecurentlya_temzptingto
incorporate more observational daza as constraints on our model.
(c) We will investigate the evolution of the thermal regime and the chemical and phase composition of
Encelazius. It will be assumed initially thaz Encelsdus has a Maxwell theology with a porous insulazing surface
layer of low thermal conductivity and is composed of a homogeneous minute of H20 and NH3. Temperatures will
be calculazed for the entire rmiius using an energy equaZion thaz include1 the effects of hea_ conduction, phase
changes, convection, sunlight penetrazion and tid_l heazing. An irera_ive procedure will be used to calculaze the
thickness of a rigid, elastic crust below a thin, porous surface layer and above a viscous Maxwell solid core. If tern-
perjures in the in_eriorreach 170 K, the H20 .NH3 eutectic,a liquidphase willform. The upward migrationof
the liquidphase due tobuoyancy tothe levelofthe el_ticlithosphereand thethiclme_ ofthe evolvingliquidtayer
willbe cMcul_ed asa functionof time forthe las_i Gyr, sinceobse_,'vationsi dicaZeresurfacodregionsare atleast
tha_old. Caseswillbe computed usingdifferentfractiousof;[20 and NH3.
We willdevelopa model which willsimula_-ethe evolutionofTriton'svolatilesystem. Tritonwillbe ammmed
to composed initiallyof a homogeneous mixture of H20, CH4 and N2 icesand initia/lyto have no atmosphere.
Average diurna/tempera_ur_ win be computed forthe surfaceand near surfaceinteriorfortheentirerange oflati-
tudes.The fluxesofN2 and CH4 throughthe porouswa_ericewillbe computed and integr_edoverthe surfaceto
obtainthe totaloutgassingra_e. The thicknessesofthechemicallydifferentiatedlayersofH20 iceand H20 _ CH4
iceswillMso be computed. These calculationswillbe repeatedover time toobtainthe atmosphericmass and sur-
facepressure,which isassumed to be constantover the planetatany &dventime. The thicknessof localCH4 ice
depositswillbe calculated_t locaeionswhere the vapor pressureislessthan the a_mosphericpressure.The above
calculationswillbe repea_edover seasonalor longertime scalesuntil_ steelysta_econditionor one similarto the
presentar.mmosphereof Triton is_tained. C_aes willDe computed for severalunknown parn.metersuch as the
emissivity,the chemicalfractionsand thepore sizeofthelayers.
(d) F._.nale_md Salvail,1987; F_.nMe_nd Sa/vail,1989.
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PROPOSAL SUM_AR Y
PRINCIPAL INVESTIGATOR: Fraser P. Fans!e, Planetary Geosciences Div.,
(Name, Address, HIG, Univ. of Hawaii, 2525 Correa Rd.
Telephone Number) Honolulu. HI 96822 (808) 948-6488
Co-LN_ESTIGATORS :
(Name Only)
Susan E. Postawko
Volatile Migration and Phase Changes on MarsPROPOSAL TITLE :
ABSTRACT: (Type sing!e-spaced below line. Lettered paragraphs
(a) thrzugh (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the acccmplis_ments of _he prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or t-do of your recent publi-
cations relevant to the proposed work.)
a) Many factors have strongly influenced the volatile composition and evolution of the atmosphere and regolith on
Mars. We will quantitatively evaluate the adsorption of CO_ under varying conditions, a.ad attempt to understand
the evolution and distribution of CO= as a function of the total CO 2 available to the regolith-atmosphere-cap sys-
tem.
5) We have collaborated with Soviet and French scientists over the past year in analysis and interpretation of the
Soviet Phobos spacecraft data of both Phobos and Mar_. The results of many of these investigations were
presented a_ the L_rt,_r _nd Pl,,,*e_ Sci. Co,*/. in March. The preliminary calculations from our study of early
internal heat flow venus an atmospheric greenhouse effect on Mars have been completed. Although our study of
parametric space has been limited, the genera/characteristics of the system can be determined. We find that if the
total available atmospheric plus regolith CO= was greater than about 4 bars, then for reasonable values of early heat
flow an atmospheric greenhouse effect could have been the dominant process by wig/e/, surface temperatures were
kept high enough for liqu/d water to flow. If the total available CO 2 was less than about a bar, however, an atmos-
pheric greenhouse plxys almost no role, but high he_ flow could have kept near-enrface teraperatures high enough
for the valley networks to form by groundwater sapping. We have completed a study of po6sible formation mechan-
isms for the abundant large closed depressions seen in the Valles M_'/ner_ region of Mars, and have submitted a
manuscript to d. G_op/tlls. Rcs. We have propoaed 4 new modeLs as Ixamible formation mechan_ms: Early graben
were flooded and the standing water developed a thick ke cover. The entire region was then covered with cratered
plains _, and the depressions formed when the underlying water and i_e were removed- The other 4 models
involve var4.ous methods of removing carbonates whi_ may have been formed in the re,on due to an early, thick
CO 2 atmosphere interacting with standing water. Our m_nns_ipt on the analysis of the 1971 and 1973 Goldatone
radar data has bee,, revised and is awaiting publication in I. GeopItys. R,,,.
c) In this next year we w_ measure the infrared reflectance spectrum of adaorbed CO= on various mabstral;es. We
expect to determine var_onl in adsorption with temer_ure and pre_ure with re_ to selection of adsorpt4.on
sites in the crystal structures of subatrates. We propose, in this next year, to use our existing programs to perform
calculations of the atmosphere-regolith-cap system on Ma_ for fixed obliqrdties and regollth masses, but for varying
amounts of total CO.. The purpose of this exerc/se ia to quantitatively demonstrate the existence of a large reser-
voir of adsorbed CO_ which must be buffering the aZmoephere and caps. We will continue our collaboration with
Soviet and French scientists in analysis of the Soviet Phobos spacecraft data. In particular, we intend to compare
degree of hydration of the marian surfa_:e_ indicated by the Phobos data to thermal inertia data _om Viking in
ordertodeterminecontrollingfactorsinhydration.We willalsocontinuetostudy spectraofasteroidsand meteor-
itesin an attempt to freda betterspectralfitto the spectrum ofPhobos. We proposetobeginour study ofthe
stratigraphyofthe maxtixnpolarcaps,usingmathematicalmodels to estimatethe thicknessof any dust layerand
the rateatwhich watervapor would be expectedto diffusethroughthisdust layer.
d) Zent et al. (1987) Carbon d/oxlde: Adsorption on pa/agonite and partitioning in the martian rego[ith Icaur_ 71,
241-249;Fan0aeet _I.(1982)Mars: The regoLith-atmosphere-capsystem and climate change Icaru_SO,381-407.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
Dr. Jonathan Fink
Department of Geology
Arizona State University
Tempe, Arizona 85287-1404
(602) 965-3195
PROPOSAL TITLE: Determining the Composition of Martian and Venusian Lava Flows
ABSTRACT:
a. Objective: To develop and evaluate morphologic and structural criteria for the remote
determination of lava flow rheology and composition.
b. Pro_ess: [NOTE: This new proposal seeks to replace NAGW 529 and NAGW 1343]:
(1) Correlated longitudinal trends in rheology with composition for four well-docu-
mented Hawaiian lava flows, (2) sought similar trends by calculating rheologic prop-
erties for lava flows on Olympus and Ascraeus Mons, (3) found through 72 laboratory
simulations that a wide range of lava flow surface structures can be formed by varying
either the flow rate or cooling rate, and that transitions from one structure to another
can be related to a single dimensionless number, (4) identified diagnostic patterns of
vesicular and glassy texture in dacite and rhyolite domes and flows, (5) used hydrogen
isotope measurements of dacite samples from two active lava domes to better define
cycles of explosive and effusive activity, (6) developed a new model relating dike
geometry to the thermal and rheologic properties of the host rock, (7) estimated rheo-
logic properties of the Olympus Mons aureole deposit, (8) mapped surface structures
on 3 rock glaciers in Colorado in order to test a new model for the deformation of rock
and ice mixtures.
Co Proposed Wdrk: (1) Conduct new laboratory simulations to better define the parame-
ters necessary to form specific lava flow structures, (2) correlate eruptive conditions
that form surface structures with those that form large constructs visible on Viking and
Venera images, (3) use experimental data to define "effective" rheologic parameters for
lavas with solidifying crusts, (4) map the distribution of surface structures on lava
flows of a range of compositions in Hawaii and the Cascades, and on Viking and
Venera images, (5) calculate which surface textures are likely to form on martian and
venusian lava flows, (6) use TIMS data from Medicine Lake Highland Volcano and
Long Valley Caldera along with laboratory-derived spectra to identify the infra-red
signatures of different lava textures and compositions.
d° Relevant Publications:
Fink JH, Griffiths RW, Radial spreading of viscous gravity currents with solidifying
crusts. Journal of Fluid Mechanics (in press).
Fink JH, Zimbelman JR (1989) Longitudinal variations in lava rheology: Puu Oo
basalt flows, Kilauea Volcano, Hawaii, in Fink JH (ed) Lava flows and domes,
IA VCEI Proceedings in Volcanology 2:157-173.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR : Dr. Richard G. French
Department of Astronomy
Wellesley College
Wellesley, MA 02181
CO-INVESTIGATOR: Dr. Mark Showalter
PROPOSAL TITLE
ABSTRACT:
pyn@mics _n4 Structure of Planetary Rings
(a) _: Investigate the dynamics and structure of the
narrow rings of Saturn and Uranus using stellar occultations,
fit existing and expected Uranus occultation data with detailed
kinematical models, compare theoretical models of ring width
variations with observations, observe Neptune's ring arcs
through occultations, and compare the stratospheres of Saturn,
Uranus, and Neptune.
(b) Accomplishments: I) Observations and preliminary analysis of
occultation of 28 Sgr by Saturn sYstem from McDonald Observatory
using IR CCD camera and multichannel photometer; 2)
Comprehensive search for weak normal modes in Uranus' narrow ec-
centric rings; 3) Improvement of Uranus ring orbit model to in-
clude weak dynamical effects; 4) Detailed inversion of Earth-
based occultation observations of Uranus and Saturn upper
stratosphere, using information obtained from Voyager solar and
stellar occultations; 5) Search for faint rings and rihg arcs in
Uranus system using Voyager images and stellar occultation ob-
servations (in progress).
(c) Proposed Work: i) Analysis of observations from McDonald
Observatory of the occultation of 28 Sgr by Saturn and its
rings, including a joint astrometric solution for the ring sys-
tem based on both Earth-based and Voyager 1 and 2 ring occulta-
tion data. 2) Identification of weak dynamical effects in the
Uranian ring system from fits for the ring orbits using an im-
proved kinematical model. 3) Analysis of Uranus stellar occulta-
tions to be obtained during the summer of 1990. 4) Observational
tests of processes that might generate the observed anomalous
ring width variations of the four narrowest elliptical Uranus
rings. 5) Observations of a stellar occultation by Neptune's
ring arc system during the summer of 1991. 6) Comparison of up-
per stratospheric temperatures of Saturn, Uranus, and Neptune
inferred from Voyager ultraviolet occultations with results of
ground-based occultation observations.
(d) Summary Bibliography: Baron, French, and Elliot, "The Ob-
lateness of Uranus at the 1 Microbar Level" (1989) Icarus 78,
119-130; Baron and French, "New Uranian Atmospheric Temper-
atures..." (1989) BAAS 21, 916; French et al., "The 3 July 1989
Occultation of 28 Sgr..." (1989) BAAS 21, 928; French,
Nicholson, Porco, and Marouf, "Dynamics and Structure of the Ur-
anian Rings" (1990). A chapter in Uranus (U. of Arizona Press).
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Co-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE :
Herbert Frey
Code Oil, Goddard 5Dace _light t:enter
Greenbelt, _) ZUIti 30t-286->450
Richard A. Schultz
Early Mars: impact Saslns, Crustal uicho[omy
and Volcanic Resurfacing
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
(a) Objectives: Determine the nature of the crustal dichotomy on Mars, the role played by
major impacts in the evolution of this dichotomy, and the relationship of impacts and the
crustal dichotomy to major volcanic resurfacing early in martian history. These remain
among the fundamental unanswered questions in martian geological evolution, and are
relevant to comparative planetary understanding of planetary lithospheric evolution. (b)
Accomplishments: Completed a new inventory of large multi-ring impact basins on
Mars. Developed a model for the evolution of the northern lowlands in eastern Mars and
for the growth of the Elysium tectono-volcanic complex in terms of the long-term
evolution of two very large overlapping impact basins. Determined the resurfacing
history of Tempe Terra and other regions, and showed that what are mapped as
Noachian-age ridged plain in Memnonia and Argyre are actually Hesperian-age but so
thin that older Noachian age cratered terrain shows through. (c) Proposed Work:
Concentrate search for impact basins on Mars in the south polar regions where large
circular topographic lows and major volcanic flows exist, in order to determine if the
apparent paucity of large impact basins in the southern hemisphere is real or due to
incomplete mapping. Undertake detailed structural and stratigraphic study of the
dichotomy boundary in Acidalia, where the boundary departs significantly from a simple
small circle, and compare with the boundary further east in Ismenius Lacus and
Amenthes-Aeolis to assess whether endogenic or exogenic processes are responsible for
the origin of the dichotomy in this part of Mars. Study additional Nplr units to determine
the true crater retention age of the ridged plains and assess whether ridged plains are
restricted to Early Hesperian and later times. (d) Publications: Schultz, R. A. and Frey, H.
V., A New Survey of Multi-Ring Basins on Mars, in press, J. Geophys. Res., 1990. Frey,
H. and Grant, T. D., Resurfacing History of Tempe Terra and Surroundings, in press, J.
Geophys. Res., 1990.
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_BOPOSAL SIYMMARY
PRINCIPAL INVESTIGATOR: Michael J. Gaffev_ DeDartment of Geology,
(Name, Address, West Hall, RENSSELAER POLYTECHNIC INSTITUTE,
Telephone Number) Troy, New York 12180-3590 (518)-276-6300
Co-INVESTIGATORS :
(Name Only)
PROPOSAL TITLE:
Meteorite Spectroscopy and Characterization
of Asteroid Surface Materials
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a. Objectives: The goal of this work is an improved understanding of the
nature and evolution of the early inner solar system. Asteroids are surviving
in situ fragments from the accretionary and early post-accretionary period.
Their characterizations provide information on early conditions and processes
at particular heliocentric distances, and provide a spatial context or
constraints for data and models derived from meteorite studies. Our work
involves lithologic characterizations of asteroids from reflectance spectra,
and laboratory spectral studies of meteorites to develop interpretive
calibrations and methodologies.
b. Accomplishments of past year: 1) Completed the initial survey the S-type
asteroids from the 52-color survey data and showed that a wide range of non-
chondritic silicates ranging from pure olivines (dunites) to basalts are
present on S-asteroids; 2) Discussed the consequences of the observed asteroid
compositional patterns for early solar system conditions and for terrestrial
planet accretion in papers for two proceedings volumes; 3) Showed a systematic
difference in the infrared emissivities of the S & M-type asteroids relative
to the other asteroid classes consistent with high surface metal abundances;
and 4) Identified the presence of specific phyllosilicate mineral types in the
surface materials of certain low-albedo asteroids.
c. Proposed Work: Asteroid rotational spectral analysis will include: (349)
Dembowska [thermal history and achondritic affinities - preparation of
publication]; (387) Aquitaina [investigation of spinel features and evaluation
of links to the C3V chondrites]; Analysis of of CCD spectra of S-asteroids for
detailed mineral chemistry. Laboratory studies will include: spectral effects
of metamorphism and aqueous alteration of carbonaceous chondrites; and the
spectral calibration of porphyrins and other organics in meteoritic
assemblages.
d. Recent Publications: Gaffey, M.J. (1990) Implications of asteroid surface
mineralogy for evolution of the inner belt. in Asteroids I Comets I Meteors III
(H. Rickman, P. Magnusson, and C.-I. Lagerkvist, eds.), Uppsala University,
Uppsala, Sweden, pp. 77-86; Gaffey, M.J., J.F. Bell, R.H. Brown and T. Burbine
(1990) Mineralogical variations within the S-asteroid population. Lunar
Planet. Sci. XXI, 399-400; Vilas, F. and M.J. Gaffey (1989) Phyllosilicate
absorption features in main-belt and outer-belt asteroid reflectance spectra.
Science 246, 790-792.
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PROPOSA_ SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Robert W. Gaskell (tel. (818_ 354-21163
Jet Propulsion Laboratory, MS 301/125L
4800 Oak Grove Drive, Pasadena_ CA 91109
Co-INVESTIGATORS :
(Name Only)
S.P. Synnott
PROPOSAL TITLE: Satellite Shape and Toposraphy
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
(a) Determine shape and topography of satellites using Voyager images. Investigate whether a tidally stressed
satellite is in hydrostatic equilibrium and, if so, determine whether interior is differentiated. Topographic results
may provide insights into crustal geology and tidal dissipation mechanisms. Our techniques (G_kell, 1988) have
already yielded useful scientific results (Gaskell, et al, 1988), suggesting that Io is in hydrostatic equilibrium and
that it is differentiated, possibly having an iron core about 800 km in radius. A fourfold rotational symmetry
observed in the large-scale topography suggests that the heating of Io occurs primarily by tidal dissipation in
a partially molten aesthenosphere. There is some evidence, which is still being examined, that Io may have a
differentiated crust, with large areas of low-density, isostatically compensated crustal material accounting for
broad topographic highs.
(b) Developement of a physical model and computer simulation of Voyager camera distortions and photometric
corrections (Gaskell, 1990).
(c) This investigation relies on the precise digital determination of control point locations in image space and
the use of stereographic techniques to locate these points in the body fixed reference frame. We shall include
digitally identified limb points in the study, providing both increased coverage and a check of our landmark
techniques. Initial targets will be Io, Europa, Mimas, Enceladus, Miranda and Ariel. The Io study will continue
with the addition of more control points and limb data. Work on modeling of camera distortions and photometric
corrections will be completed. We shall also find the Voyager 1 camera focal lengths. Ultimately, we will find
shapes and for all satellites having sufficient stereographic coverage.
(d) Summary bibliography
Gaskell, R.W.: Digital identification of cartographic control points.
Photogrammetric En_neering and Remote Sensing 5_, 723-727, 1988
Gaskell, R.W.; Synnott, S.P.; McEwen, A.S.; and Schaber, G.G.: Large-Scale Topography of Io:
Implications for Internal Structure and Heat Transfer. Geophys. Res. Lett. 15, 581-584, 1988.
Gaskell, R.W., Distortions and photometric errors in the Voyager imaging subsystem, 1989 Planetary Geology
and Geophysics Program Reports, 1990 (to appear).
Ross, M.N., G. Schubert, R. W. Gaskell, and T. Spohn, The internal structure of Io as inferred from
the observed long wavelength topography, BAAS 20,817 (1988).
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Jay D. Goguen
4800 Oak Grove Drive, MS 183-501
Pasadena, California 91109
(818) 354-8748, (FTS) 792-8748
CO-INVESTIGATORS: None.
TITLE: A 'Dense Atmosphere ' Model
Scattering from Planetary Regoliths
for
ABSTRACT: (Single-spaced, type within box below. Paragraphs numbered (a)
through (d) should include: (a) brief statement of the overall objectives and
justification of the work; (b) brief statement of the progress and
accomplishments of the prior year, or "new proposal"; (c) brief listing of
what will be done this year as well as how and why; and (d) summary
bibliography):
A. OBJECTIVES: To develop improved models for the quantitative
interpretation of spectrophotometry, bi-directional reflectance, and
polarimetry of planetary regoliths in terms of the composition and size
distribution of the regolith particles. A better model for light scattering
in regoliths will also enable more accurate calculation of surface
temperatures, the vertical deposition of heat important to solid-state
greenhouse models, and exposure times for future spacecraft observations.
B. PROGRESS: Adaptation of lunar regolith particle size studies to light
scattering calculations. Recognition that sorting is a more important factor
than mean grain size in lunar regolith scattering. Completed particle phase
function and polarization survey calculations over the visible and near-IR
spectrum for some common compositions. Preliminary generalizations deduced
from completed calculations.
C. PROPOSED WORK: i) Use the doubling method to rigorously calculate
multiple scattering in an optically thick layer of these particles to generate
a 'dense atmosphere' model for regolith scattering. 2) Study the breakdown of
the independent scattering approximation and interparticle shadowing for a
range of particle albedos and sizes by comparing 'dense atmosphere' models
with measurements of laboratory samples of spheres of known sizes and
compositions. 3) Develop and test the 'dense atmosphere' model for the case
of binary mixtures of particles with very different scattering properties. 4)
Determine particle size distributions and compositions that are consistent
with photometry and polarimetry of planetary regoliths (e.g. Titania, Europa,
the Moon). 5) Use the 'dense atmosphere' model evaluated at wavelengths
lacking photometry and polarimetry to predict observable photometric and
polarimetric characteristics to test the validity of the model and refine our
knowledge of regolith physical properties.
D. SUMMARY BIBLIOGRAPHY: Goguen, J. D. e_ttall. (1989), V-filter Photometry of
Titania, Oberon, and Triton Icarus 77, 239-247.; Smith, B. A. et al. (1989),
Voyager 2 at Neptune: Imaging Science Results, Science 246, 1422-1429;
Goguen, J. D., and W. M. Sinton (1985), Characterization of Io's Volcanic
Activity by Infrared Polarimetry, Science 230, 65-69; Goguen, J. D. et al
(1988), Io Hot Spots" IR Photometry of Satellite Occultations, Icarus 76,
465-484.
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PROPOSAL SUMMARY
Principal Investigator: Matthew P. Golombek
Jet Propulsion Laboratory
Mail Stop 183-501
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-3883 (FTS) 792-3883
Title: TECTONICS OF PLANETARY STRUCTURES
a. Objectives: Develop models for the geometry, kinematics, and dynamics of planetary structural
features. Estimate the lithospheric deformation and regional or planetary tectonic strain (expansion
or contraction) from kinematic models. Use the characteristics and geometry of structural features
as a clue to: 1) the mechanical behavior of shallow planetary crusts, 2) the lithospheric strength and
failure characteristics at the time of theft formation, and 3) early thermal profiles.
b. _ l) Paper in press on subsurface structure and thermal gradients on Europa from
lithosphere deformation models of observed tension cracks. 2) Paper in press on mechanical
discontinuities in the shallow crust of Mars. 3) Chapter in press for University of Arizona book on
Mars, Stress and Tectonics on Mars. 4) Completed review article on tectonic processes on the
terrestrial planets. 5) Derived model for the possible involvement of most of the lithosphere in the
formation of planetary wrinkle ridges.
c. proposed Work: 1) Compare detailed structural mapping results with revised lithospheric
deformation models for Tharsis, reevaluate the geometry of the causative stress field around
Tharsis, and evaluate the subsurface structure of grabens and pits around Alba Patera, based on
their width, depth, size, spacing, and likely mechanical models. 2) Collect photoclinometric data
of wrinkle ridges on Mercury and Mars, and further develop kinematic models that include the
subsurface structure and tectonic shortening across them to better constrain lithospheric
deformation on planetary surfaces. 3) Measure the brittle lithosphere thickness from simple
grabens on Io to estimate heat flow in non hot spot country rock. 4) Map the sequence of groove
formation around undeformed blocks of cratered terrain on Ganymede to assess any strike-slip
displacements.
d. Summary Bibliogaphy: Golombek, M. P., and Banerdt, W. B., in press, Constraints on the
subsurface-structure of Europa: Icarus, January 1990. Davis, P. A., and Golombek, M. P., in
press, Discontinuities in the shallow Martian crust at Lunae, Syria, and Sinai Pinna: Journal of
Geophysical Research, August 1989. Banerdt, W. B., Golombek, M. P., and Tanaka, K. L., in
press, Stress and Tectonics on Mars, Chapter for inclusion in MARS, Book to be published by
University of Arizona Press. Golombek, M. P., in review, Tectonic processes in the terrestrial
planets: Review article in The Reference Encyclopedia of Astronomy and Astrophysics, September
1989. Banerdt, W. B., and Golombek, M. P., 1990, The evolution of Tharsis: Implications of
gravity, topography, andtectonics (expanded abstract): Lunar and Planetary Science XXI, p. 42-
43. Golombek, M., Suppe, J., Nan:, W., Plescia, J., and Banerdt, B., 1990, Does wrinkle ridge
formation on Mars involve most of the lithosphere? (expanded abstract): Lunar and Planetary
Science XXI, p. 421-422.
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PROPOSAL SUMMARY
PRINCIPAL
INVESTIGATOR:
TITLE:
ABSTRACT:
James L. Gooding
SN21/Planetary Science Branch
NASA Lyndon B. Johnson Space Center
Houston, Texas 77058
FTS 525-5126 / (713) 483-5126
Thermodynamics and Kinetics of
Planetary Volatile/Regolith Interactions
a. Objectives. Quantitatively assess regofith interactions with volatile compounds as geolog/c processes
on Mars, comets, and other low-temperature planetary bodies. Use differential scanning calorimetry
(DSC) and evolved gas analysis (EGA) to measure phase stabilities and reaction rates for interactions
of water and other volatiles with candidate regolith materials.
b. Progress in FYI990. (1) Experimentally determined that vacuum-weathered sulfur (prepared and
proposed as analog material for Io by D. B. Nash) possesses phase compositional properties that are
intermediate between those of ordinary sulfur and polymeric sulfur. New DSC data confirmed
previously suspected tendency of vacuum-weathered sulfur to behave as if enriched in the polymeric
allotrope. (2) Completed theoretical assessment of the material concentrations of chemically reactive
agents in Martian surface sediments, using data from the Viking biology experiments. Results showed
that total concentrations of the reactive agents could not have been more than a few hundred parts per
million (ppm) and were likely to have been < 1 ppm. (3) As lead author, completed final revisions for
the chapter on "Physical and chemical weathering" to appear in the book, MARS (H. H. Kieffer, B. M.
Jakosky, and C. W. Snyder, Eds.), to be published by the University of Arizona Press. Co-authors were
R. E. Arvidson and M. Yu. Zolotov. (4) As co-author, completed paper on material properties of a
Mars-like Hawaiian palagonitic soil (with R. V. Morris).
e. Proposed Work for FY1991. (1) Determine stability ranges for water-substrate complexes formed by
interaction of water with selected geologic substrates at low temperatures (100-300 ° K). Based on
phenomena previously observed by DSC during freeze-thaw cycling of soils, palagonite tuff, palagonitic
soil, and smectite substrates will be used to simulate complexation under Martian conditions.
Carbonaceous chondrites will be used to simulate complexation under conditions that might apply to
the Martian moons (Phobos and Deimos) or cometary nuclei. Results will identify proportions of
water inventories that might be sequestered in forms with thermal stabilities intermediate between
those of ice and structural or adsorbed water in hydrated minerals. (2) Determine stability of
hydrogen peroxide, H202, with respect to catalytic decomposition or chemical reaction while in contact
with Mars-analog materials, including palagonite- and smectite-bearing materials, sulfate and chloride
salts. Emphasis will not be on formation of H202 but on the kinetics of its decomposition under
Martian conditions. Results will help constrain the survivability of 1-1202 as a major oxidant in models
for surface chemistry on Mars. (3) Complete measurement of thermodynamic properties of sulfur
evolved in vacuum as they might apply to surface materials on the Jovian satellite, Io (with D. B. Nash
as collaborator).
d. Summary Bibliography (FYI990). (1) Gooding J. L. and Nash D. B. (1990) Submitted to Reports of
the Planetary Geology and Geophysics Program -1989, NASA, Washington, DC. (2) Gooding J. L.
(1990) op tit. (3) Gooding J. L. et al. (1990) In H. H. Kieffer et al. (Eds.), MARS, University of
Arizona Press, in press. (4) Morris R. V. et al. (1990) J. Geophys. Res., in press.
e. Personnel. Principal Investigator (25% time) and one support-contractor scientist/engineer (20%
time) at JSC.
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PROPOSAL SUMMARY SHEET--ABSTRACT
PRINCIPAL INVESTIGATOR: CO-INVESTIGATOR:
Lisa Gaddis
Department of Geology
Arizona State University
Tempe, Arizona 85287-1404
(602) 965-7029
Ronald Greeley
Department of Geology
Arizona State University
Tempe, Arizona 85287-1404
(602) 965-7045
PROPOSAL TITLE: Geological Studies in Planetology
ABSTRACT
OBJECTIVE: The goals of this investigation are: 1) to study aspects of remote sensing important
for Planetary Geology, including determination of the utility of visible and near-infrared imaging data
to assess the sources, transportation paths, and deposition sites of surficial materials (principally
windblown sand) on planetary surfaces; in addition, to assess the strengths and limitations of using
radar images to produce planetary geological maps in which radar constitutes the sole source of data.
Both of these aspects of remote sensing are critical for the use and interpretation of existing and future
data to be obtained for Mars and Venus; 2) the second task is to study volcanic geomorphology with
the focus on: a) the surface appearance of ash deposits, and b) the morphology and morphometry of
very fluid lava flows; the approach is to study terrestrial analogs, extrapolate the results to the martian
environment, and analyze specific volcanic areas on Mars including highland paterae.
PROGRESS: a) linear mixing models have been applied to TM data for the Kelso Dunes in
conjunction with the Geology Remote Sensing Field Experiment (GRSFE), b) field work has been
completed in Kelso to obtain samples to test the model, c) radar geologic mapping has been initiated
for the GRSFE test site, applying planetary geologic mapping principles, d) data have been collected
for volcanic ash deposits in South America, e) background information has been collected on
komatiite lava flows on Earth in preparation for field work in the summer, 1990, and f) results of the
terrestrial analog work have been applied to the study of highland paterae on Mars.
PROPOSED WORK: a) continue application of mixing model to the study of the Kelso dune field;
extend work using AVARIS data, b) continue radar geologic mapping of GRSFE site; initiate TM
mapping; compare results with field studies, c) complete studies of ignimbrite deposits in Bolivia, d)
apply terrestrial analog studies to other highland paterae on Mars, e) initiate field studies of komatiite
flows on Earth, and f) assess remote sensing characteristics of komatiites and other ultramafic lava
flows.
REFERENCES:
Blount, G., Smith, M.D., Adams, J.B., Greeley, R. and Christensen, P.R., 1990, Regional aeolian dynamics and sand
mixing in the Gran Desierto: Evidence from Landsat Thematic mapper images, J. Geophys. Res. (in press).
Crown, D.A. and Greeley, R., 1990, Styles of volcanism, tectonic associations, and evidence for magma-water
interactions in eastern Hellas, Mars, Lunar Planet. Sci., XXI, 250-251.
Crown, D.A., Price, K.H., and Greeley, R., 1990, Evolution of the east rim of the Hellas basin, Mars,Lunar Planet. Sci.,
XXI, 252-253.
Greeley, R., Christensen, P. and Carrasco, R., 1989, Shuttle radar images of wind streaks in the Altiplano, Bolivia,
Geology, 17, 665-668.
Greeley, R. and Crown, D.A., 1990, Volcanic geology of Tyrrhena Patera, Mars, J. Geophys. Res. (in press).
52
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PRINCIPAL INVESTIGATOR:
Ronald Greeley
Department of Geology
Arizona State University
Tempe, Arizona 85287-1404
(602) 965-7045
PROPOSAL TITLE: Martian Aeolian Geology
ABSTRACT
OBJECTIVE:
The goal of this investigation is to elucidate aspects of aeolian features and processes on Mars and
their roles in the evolution of the surface. The proposed research has two tasks. The objective of the
first task is to determine the relationships among observed aeolian surface features (wind streaks,
dunes, yardangs), rock distributions inferred from the Viking IRTM measurements, and wind shear
directions and magnitudes predicted by a general circulation model for present and past conditions
on Mars. The second task is to study the physical properties, entrainment mechanisms, and
morphology of "parna" deposits on Earth as an analog to martian sand and dust, and apply the results
to the interpretation of mantles of windblown material on Mars.
PROGRESS: (new proposal)
PROPOSED WORK:
a) Use results from the general circulation model (GCM) for the martian atmosphere to predict
surface wind direction and magnitude and compare the results with the distribution and orientation
of aeolian surface features in a continuation of previous studies; will incorporate refinements to
include assessment of maximum winds (as opposed to average winds) and consideration of threshold
winds for different sizes of particles, extension of the study to the polar regions, consideration of past
climates on Mars, and adaptation of a "drift potential" expression for Earth to the martian environment
to assess the potential flux of windblown sand on Mars, b) analyze terrestrial parna deposits (mixtures
of sand and "dust") as potential analogs to Mars; includes determining the size range of parna pellets,
their evolution during transport by winds, their threshold velocities, and the morphology and geology
of parna deposits in the southwest United States; results will be applied to the study of potential
aeolian deposits mantling the southern cratered highlands of Mars and as associated with possible
martian "paleo-lakes".
REFERENCES:
Greeley, R., N. Lancaster, S. Lee, and P. Thomas, 1990, Martian aeolian processes, sediments, and
features, in Mars, Kieffer, H.H., B.M. Jakosky, C.W. Snyder, and M.S. Matthews, eds., Univ.
Arizona Press, Tucson (in press).
Greeley, R., A. Skypeck, and J.B. Pollack, 1990, Martian aeolian features and deposits: Comparisons
with general circulation model results (submitted).
Lancaster, N. and R. Greeley, 1990, Sediment volume in the north polar sand sea of Mars, J. Geophys.
Res. (in press).
Lancaster, N., 1988, A bibliography of dunes: Earth, Mars, and Venus, NASA CR-4149, 113 p.
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PROPOSAL SUMMARY SHEET--ABSTRACT
SCIENTIFIC COLLABORATOR:PRINCIPAL INVESTIGATOR:
Ronald Greeley
Department of Geology
Arizona State University
Tempe, Arizona 85287-1404
(602) 965-7045
H.J. Melosh (Task 1)
Planetary Science Department
University of Arizona
Tucson, Arizona 85721
(602) 621-2806
PROPOSAL TITLE: Geological Studies of Outer Planet Satellites
ABSTRACT
OBJECTIVE:
This proposal has three principal objectives: a) to assess the potential for impact-generated
antipodal disruptions on icy satellites using computer models and photogeology, b) to determine the
origin(s) and evolution of ridge and trough terrains on icy satellites and assess the similarities and
differences in the process(es) shaping the terrain, andc) conduct global geological mapping for Io and
Callisto. Meeting these objectives will enable better definition of the surface evolution for many of
the outer planet satellites. Global geological maps of Io and Callisto will provide a framework for
geological and geophysical studies and will be important bases for the forthcoming Galileo mission.
PROGRESS:
a) A program has been m(xtified and adapted to run on the ASU VAX 11/750 to model the seismic
disruption of terrains antipodal to large impacts. Runs have been evaluated for specific cases on the
Moon, Mercury, and on several of the icy satellites, and a manuscript has been prepared of the results,
b) a classification scheme has been developed for ridged and grooved terrains on icy satellites and
working hypotheses have been fommlated for the origin of the various classes, c) a geological map
for Io has been reviewed, revised, and returned to the U.S. Geological Survey and is currently in the
technical editing process, d) an initial draft of the Callisto geological map has been completed.
PROPOSED WORK:
a) complete the geologic map for Callisto, including prep_tration of unit descriptions, explanation
and text, and submit to U.S. Geological Survey for review, b) modify the computer code for antipodal
disruption to take into account non-spherical geometries of the objects being impacted, and c)
compleie the study of ridged and grooved terrain by testing the proposed hypothesis for the origin of
the classes.
REFERENCES:
Greeley, R., S.W. Lee, D.A. Crown, and N. Lancaster, Observations of industrial sulfur flows:
Implications for Io, lcartts, in press.
Greeley, R., D.A. Crown, R.A. Craddock, and G.G. Schaber, Geologic map of Io, 1 : 15,000,000, in
review, U.S. Geological Survey.
Pappalardo, R. and R. Greeley, 1990, Models for ridge and trough terrain on icy satellites and the
origin of ridges in Elsinore Corona, Miranda, Repts. Planetary Geology Geophysics Program (in
press).
Watts, A., R. Greeley, and H.J. Melosh, 1990, The formation of "antipodal terrains" resulting from
impact events, J. Geophys. Res. (ms submitted).
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PRINCIPAL INVESTIGATOR:
Ronald Greeley
Department of Geology
Arizona State University
Tempe, Arizona 85287-1404
(602) 965-7045
PROPOSAL TITLE: Geologic Mapping of Hadriaca and Tyrrhena Paterae
ABSTRACT
OBJECTIVE:
The goal of this study is to gain insight into the geological relationships of highland paterae, the
Hellas basin, and subsequent modification of the surface by exogenic processes. Highland paterae
represent the earliest stage of central vent volcanism on Mars and are important in the geological
evolution of several areas of the cratered uplands. 1:500,000 geological maps of the Hadriaca and
Tyrrhena Paterae regions are being made as a component of volcanological studies of this type of
martian volcano.
PROGRESS:
Regional geologic maps have been produced for Tyrrhena Patera and Hadriaca Patera in which
the main geologic units have been identified, swatigraphc relationships determined, and structural
features assessed. In addition, the general geomorphology of the area has been studied, and
geological histories have been derived.
A 1:500,0(_3-scale geologic map has been produced for the summit region of Hadriaca Patera
(-30267), as presented at the August, 1989 Mars Geologic Mappers meeting in Flagstaff.
PROPOSED WORK:
Geologic mapping of the adjacent 1:500,000 sheet (-35267) will be undertaken for Hadriaca
Patera. The summit region quadrangle will be carried into the review process.
REFERENCES:
Crown, D.A., K.H. Price, and R. Greeley, 1990, Evolution of the east rim of the Hellas basin,
Mars, Lunar Planet. Sci., XX/, 252-253.
55
PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR: Richard Greenberg
Lunar and Planetary Laboratory
University of Arizona
Tucson, Arizona 85721
(602) 621-6940
CO-INVESTIGATOR: None
TITLE: Planet Formation and Evolution: Collisional and Dynamical Processes
ABSTRACT:
(a) Objectives: The purpose of this research program is to understand how interrelated
collisional and dynamical processes affected formation of the planets and their subsequent
evolution. We are investigating the dominant processes of planetary accretion, including
radial transport and low-velocity interactions, how they produced the observed planetary and
satellite systems, including the cometary cloud and the Moon, and how these processes
govern the evolution of planetary rings, the asteroid belt, and excavation and delivery of
meteorites. Studies of the coupled dynamical and geophysical evolution of outer-planet
satellites are also included.
(b) Progress in Pa_t Year: Analytic formulae have been developed for impact rates of
planetesimals into growing planets. A new numerical procedure is being used to explore
the statistical mechanics of close approaches of orbiting bodies. Momentum and mass
transport in a particle swarm has been studied with a new approach that allows for realistic
collisional processes and non-uniformity of the disk. The role of bodies' rotation, finite size,
and collision scattering law in transport processes has been explored further. The dynamics
of comets are being studied to model the processes that deliver comets back into the
planetary region and to constrain the distribution of the cometary cloud. Delivery of
meteorites to Earth has been modeled to show the extent of stochastic variability in the
population arriving at Earth. We have also studied the geophysical and dynamical evolution
of Europa and Miranda.
(c) Proposed Re_earch: In the coming year we will study the dynamics of low-velocity
encounters among orbiting bodies and transport processes that govern the spatial
distribution of a swarm. We will review and intercompare models of the early planet
growth stage. Research on meteorite origins and delivery processes will concentrate on the
effect of initial injection onto Earth-bound trajectories. Outer-planet satellite work will
concentrate on evolutionary paths for the Galilean satellites.
(d) Summary Bibliography: 14 papers and 8 abstracts of presentations.
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PROPQSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Bradford H. Hager
Department of Earth, Atmospheric, and Planetary Sciences
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139
617/253-0126
CO-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE:
None
Convection in Venus: Observations, Models and Comparison with Earth
ABSTRACT: (Type single-spaced within box below. Paragraphs numbered (a) through (d) should include:
a_ brief statement of the overall objectives and justification of the work; b. brief statement of the
accomplishments of the prior year, or "new proposal"; c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publications relevant to the proposed work.)
a) Objectives
Mantle convection controls the heat transport and tectonics of Venus and Earth. Our main research
objective is to compare observations and predictions of topography, geoid anomalies, crustal
thickness, and state of stress for models of convection in these sister planets, in order to better
understand their dynamics. The study is motivated by the strong correlation between geoid and
topography on Venus, which suggests that both are primarily the result of mantle convection, by
our success with dynamic models of Earth's geoid, by our interest in coupling between mantle
convection and crustal deformation, and by the expected increase in data constraining Venus's
tectonics from Magellan.
b) Accomplishments of prior "year"
Our major new accomplishment of the past year is the development of an analytic model for crustal
deformation of Ishtar Terra. The thickness of the surrounding crust must be < 25 km in order that
the low viscosity of the lower crust not permit the mountains to collapse under their own weight.
We have also developed the finite element codes that will make possible more realistic models of
this process.
c) Proposed work
We will develop numerical models addressing the interaction of mantle convection with crustal
deformation and crustal recycling. These models will a/low us to extend our simple analytic model
for dynamic support of Ishtar, removing restrictive assumptions used for analytic tractability. We
will also use these models investigate how Venus can apparently have a relatively thin crust. We
will also extend our modeling of the geoid signature of mantle plumes to include the effects of
spherical axisymmetric geometry and realistic theologies. This will allow us to investigate why
both hot upwellings and cold downwellings have geoid highs associated with them.
d) Publications
K.iefer, W. S., and B. H. Hager, Mantle downwelling and crustal convergence: A model for
Ishtar Terra, Venus, J. Geophys. Res., submitted, 1990.
King, S.D., A. Raefsky, and B. H. Hager, ConMan: Vectorizing a finite element code for
incompressible two-dimensional convection in Earth's mantle, Phys. Earth Planet. Int., 59, 195-
207, 1990.
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PRINCIPAL INVESTIGATOR: Bruce Hapke
Dept. of Geology & Planetary Science
University of Pittsburgh
Pittsburgh, PA 15260
(412) 624-88?6
SCIENTIFIC COLLABORATORS: R. Nelson, W. Smythe, S. Ostro,
O. Paige
PROPOSAL TITLE:
Photometric Analyses of Spacecraft Planetary Images
ABSTRACT:
(a) Objectives of Proposed Work: Continue to investigate the
nature and composition of planetary surfaces and atmospheres
by quantitative analyses of images taken by spacecraft and of
ground-based observations, with supporting observational,
experimental and theoretical research.
(b) Accomplishments of prior year: (I) Continued experimental
and theoretical study of light scattering by large, irregular
particles. (2) Continued photometric analysis of Voyager and
ground-based observations of Europa. (3) Continued
theoretical study of effects of thermal emission on
reflectance spectra. (A) Identified newly-recognized
phenomenon of coherent backscatter as potentially of ma_or
importance to the interpretation of both radar and visible
wavelength data on outer planet satellites.
(c) Research proposed for cominq year: (I) Continue
development of theory to incorporate results from
experimental study of light scattering by large, irregular
particles, and to further understand effects of thermal
emission and polarization. (2) Complete experimental study
of light scattering by large, irregular particles. (3)
Complete photometric analysis of Europa data. (4) Begin
expermental investigation of coherent backscatter.
(d) Recent Publications: E. Bowell, B. Hapke, K. Lumme, A.
Harris, D. Domingue and J. Peltoniemi (1989) "Application of
Photometric Models to Asteroids", in Asteroids I__II,ed. by T.
Gehrels, U. of Ariz. Press, pp. 524-556; D. Domingue & B.
Hapke (1989), "Europa's Opposition Effect", BAAS, 2!, 984; B.
Hapke (1989) "Coherent Backscatter: An Explanation for the
Unusual Radar Properties of Outer Planet Satellites", BAAS,
__I, 984; A. McGuire and B. Hapke (1990), "Light Scattering by
Large Irregular Particles", Lunar & Planetary Science XXI,
?6?-?68.
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PRINCIPAL INVESTIGATOR: Alan W. Harris
MS 183-501, Jet Propulsion Laboratory
4800 Oak Grove Dr. Pasadena, CA 91109
(818) 354-6741 (FTS) 792-6741
CO-INVESTIGATORS: None
PROPOSAL TITLE: Asteroid and Satellite Studies
ABSTRACT:
a. Objective: Theoretical and observational studies of asteroids and planetary
satellites are proposed with the general objective of understanding the origin
and evolution of the planetary system.
b. Proqress: In the last year, most effort has been expended toward publishing
observational results from Table Mountain Observatory. 11 full papers and 2
extended abstracts were published in 1989. Principal results include: I)
lightcurve observations from TMO of about 75 asteroids were published. 2)
About I00 sets of asteroid phase data have been fit to the H-G magnitude
system to derive mean slope parameters for each of the major taxonomic classes
of asteroids. 3) The E class asteroids 44 Nysa and 64 Angelina were found to
have nearly identical phase relations, exhibiting an "opposition spike" at
phase angles under 2° , remarkably similar to that of Saturn's rings, but quite
different from that of any other observed asteroid. 4) Several dark asteroids
were found to show much less opposition brightening than expected. 5) Several
new techniques of data analysis and reporting have been developed and
implemented, including modeling of time variable extinction, Fourier analysis
of lightcurves to construct composites and phase relations, and archiving of
lightcurve data in machine readable form. 6) The theoretical model of
collisional evolution of asteroid rotations was extended to non-spherical
shapes. 7) The tidal evolution of binary asteroids was investigated to model
such objects as 1989 PB.
c. Proposed work: I) Continue reductions of asteroid lightcurve data,
concentrating on shape and pole studies, photometric functions (primarily high
or low albedo asteroids at very low phase angles), collaborative observations
with radar, IR, and occultation techniques, and earth-approaching asteroids;
2) Complete a paper summarizing the results of fitting the H-G magnitude
relation to all available phase data in the literature, to define nominal
values of the slope parameter for asteroids where it has not been observed,
and to explore deviations of the function from observations, with the aim of
updating the H-G function, and making physical interpretations of individual
objects; 3) Continue a study of debris clouds about asteroids with numerical
calculations.
d. Summary bibliography: 11 full papers (5 with Harris as first or sole
author) and 2 extended abstracts were published. All are attached.
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PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Co-INVESTIGATORS:
(Name Only}
PROPOSAL TITLE:
William K. Hartmann
Planetary Science Institute
2421 E. 6th Street_ Tucson AZ 85719
602/881-0332
Intense Planetary Cratering and Its Effects
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a} through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a) This proposal requests a renewal of a multi-year study of planetary
cratering and cratering effects on the evolution of planets. The program
concentrates on effects of the early intense cratering of the solar system and
heavily cratered surfaces, which are crucial to current interpretations of
early Earth history and various satellite and planet surfaces.
(b) Progress in the current first year of the study was seriously impacted by
a delay in funding. Funding was not received until 3 April, 1990, so that, in
principle, no work should have been completed by this date. However, some
progress was made on the collaborative study with Dr. David Grinspoon (NASA
Ames) on early crateri_g of Earth, a study which appears very timely in view
of recently published papers and the planned 1990 conference on early history
of Earth.
(c) .Proposed tasks are (1) completion of a paper with Dr. Grinspoon on our
quantitative modeling of the flux vs time in the early history of Earth,
derived from dynamical models of planetesimal scattering calibrated by lunar
cratering data, and (2) studies of crater densities in far side heavily
cratered lunar areas, to test whether the Strom "lunar highlands" crater
diameter distribution, used by the Voyager team as a fundamental calibration,
is correct, ly earlier studies suggest it is not.
(d) Hartmann, V. K. (1989) Phobos: Comparison of Small Craters on Phobos and
the Moon. LPSC 20, abstracts; Hartmann, W. K. (1988) Crater Saturation
Equilibrium in the Solar System: New Evidence. LPSC 19 abstracts, p. 449.
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PROPOSA_ SUMS_3kRY
PRINCIPAL Ih_rESTIGATOR: B. Ray Hawke
(Name, Address, Planetary Ceoscience_
Telephone Number) 2525 Correa Road, Honolulu: HI 96822
(808) 948-6488 (after 5/i/90: (808) 956-6488)
Co-INVESTIGATORS :
(Name Only)
PROPOSAL TITLE: Remote Sensing and Geologic Studies of Lunar and Planetary
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of _he
overall objectives and justification of the work; b. brief
statement of the accomplishments of _he prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
Crus_s
a) Objectives: The primary goats of this research are to provide a better understanding of planetary
impact and volcanic processes as well as the composition and evolutionary history of a variety of solar
system objects including the Moon, Mars, Ganymede, Callisto, Mercury, and the asteroids, through
analysis and interpretation of spacecraft and earth-based imagery and remote sensing data.
b) Progress: The highlights are: 1) we determined that the Aristarchus impact exposed highlands
debris with a variety of unusual compositions; 2) we demonstrated that mafic geochemical anomalies on
the east limb and farside of the Moon are found in regions which exhibit a high density of dark-haloed
impact craters; 3) it was determined that turbulent flow and thermal erosion were largely responsible
for the formation of Rima Mozart; 4) our spectral data rule out all hypotheses for the origin of the
Reiner Gamma Formation except cometary impact; 5) a remote sensing study of Alphonsus was
published; 6) final spectral results were presented for A-type asteroids and 1984 KB; 7) spectral data
for lunar impact basins were acquired and analyzed. Pure anorthosite deposits were identified on
Orientale and Nectaris basin rings and a summary paper was published; 8) definite or probable
rotational spectral variations have been found associated with 16 asteroids; 9) Tycho crater excavated
highlands material dominated by Ca-rich clinopyroxene; the Tycho dark-halo contains abundant impact
glass; 10) impact melt deposits were identified and mapped in and around mercurian craters; volumes
were determined and compared with theoretical estimates and volumes associated with lunar and
terrestrial craters, and; 11 ) compositions and eruption mechanisms were determined for several lunar
pyroclastic deposits.
c) Work statement: 1) continue to use near-ITR spectra and orbital geochemistry data of lunar basin
ejecta deposits to study the composition and stratigraphy of the highlands crust and basin-forming
processes; 2) spectral studies of fresh impact craters will be conducted to investigate crustal
composition and impact processes such as ray formation, ejecta emplacement, and impact melt
formation; 3) continue to utilize remote sensing data to investigate and characterize highland volcanic
deposits and early (>3.9 AE) mare basalts; 4) continue studies of dark-haloed craters and fresh, bright
craters on Ganymede and Callisto; 5) continue studies of lunar resources and outpost sites; 6) conduct
a spectral study of Mercury; 7) continue investigations of impact melt deposits associated with craters
on the Moon, Mercury, and Earth; 8) conduct geologic and remote sensing studies of lunar rilles to
better understand the processes responsible for their formation; 9) continue our efforts to understand
the composition and mode of emplacement of lunar pyroclastic deposits; and 10) support the Galileo
lunar encounter.
d) Summary Bibliography: (last year) 10 papers published, 5 papers submitted, 18 extended
abstracts (2 or 3 pages), 13 abstracts, 28 oral presentations, 1 Ph.D. Thesis, 2 NASA SPs.
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ABSTRACT SUMMARY SHEET
PRINCIPAL INVESTIGATOR: James W. Head, III
CO-INVESTIGATORS AND SCIENTIFIC COLLABORATORS:
L. Wilson, L. Parfitt, L. Crumpler, S. Murchie, S. Keddie, E. Fischer, J. Aubele, N. Efford
PROPOSAL TITLE: Surface Processes on Mars and its Satellites
ABSTRACT:
a) Objectives: To gain further understanding of the major geological processes on Mars and its
satellites through theoretical analysis and observations of volcanism, volcanic deposits and edifices
on Mars, and the processes of low velocity cratering and devolatilization on the satellites.
b) New Proposal:
c) Proposed work: 1) Utilize the general theoretical analysis of volcanism in the martian
environment to address specific problems associated with plinian, strombolian, hawaiian, vulcanian,
and effusive eruptions, specifically the role of volatiles in producing landforms and deposits;
examine aspects of effusive eruptions to assess the origin of pyroclastic cones and sinuous flues; 2)
Assessment of the nature and evolution of martian central volcanic edifces, including comparative
morphology and structure, associated volcanological proces:ses, processes of caldera formation and
evolution, comparisons in style in space, and time, and aspects of composition; 4) Theoretical
studies of internal and external processes on Phobos and Deimos with emphasis on the processes of
low velocity impact cratering and devolatilization, and comparison to observations.
d) Summary bibliography: (1) Wilson, L. and Head, J. (1990) Ascent and eruption of magma on
Mars: Theory and observations: to be submitted to Jour. Geophys. Res.; (2) Wilson, L. and Head,
J. (1990) Factors controlling the structure of magma chambers in basaltic volcanoes: LPSC XX1,
1343-1344; (3) Wilson, L. and Head, J. (1989) Dynamics of groove formation on Phobos by ejecta
from Stickney: LPSCXX, 1211-1212. (4) Murchie, S., Head, J. and Efford, N. (1989)
Morphologic classes of grooves on Phobos: LPSC XX, 744-745; (5) Crumpler, L. and Aubele, J.
(1989) Influence of volcanic and tectonic stresses on the flank structure of martian volcanoes:
MEVTV Conference Abstracts, Richland, Washington, June, 1989; (6) Crumpler, L. et al. (1990)
Calderas on Mars: Implications of style and history for subsurface magmatism: Abstracts for
MEVT_ Workshop on Magma Bodies on Mars, LPI, 14-15; (7) Crumpler, L. et al. (1990)
Preliminary analysis of Arsia Mons geology as characterized by Phobos 2 Termoskan instrument:
Abstracts for MEVTV Workshop on Magma Bodies on Mars, LPI, 16-17.
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PLANETARY DATA ANALYSIS AND PROCESSES OF CRUSTAL
FORMATION AND EVOLUTION
PRINCIPAL INVESTIGATOR: James W. Head, HI
CO-INVESTIGATORS AND SCIENTIFIC COLLABORATORS: D. B. Campbell, C. Sotin, P.
Hess, E. Parmentier, L. Wilson, D. Senske, S, Frank, L. Crumpler, J. Burt, K. Roberts, S.
Keddie, J. Aubele, A. Basilevsky, O. Nikolaeva, M. Ivanov, A. Selivanov, J. Garvin, E. Stofan,
J. Harmon.
a) Objectives: 1) To analyze a range of planetary data from Earth-based observations, USSR
spacecraft missions, and other sources in order to accomplish the following objectives: a)
familiarization and preliminary analysis, b) correlation with other data sets, c) enhance availablity to
the community, and d) application to a range of scientific problems. 2) To assess modes of
formation and evolution of planetary crusts to work toward an understanding of the nature of
planetary chemical layering.
b) Progress: New Proposal
c) Proposed work: 1) Planetary Data Analysis: a) analysis of txme-varsnng phenomena on Venera
lander images and assessment of the regional geology of the Venera sites; b) correlation of
Pioneer-Venus imaging data with other data sets; c) complete detailed data reduction and analysis
from the Arecibo Venus 1988 opportunity; d) analysis of assemblages of Venera geologic units; e)
continuation of analysis of equatorial Arecibo altimetry into eastern Aphrodite and Phoebe Regio; 6)
mapping of lunar regions using Arecibo data. 2) Processes of Crustal Formation and Evolution: a)
assessment of major processes of crustal formation and evolution on Venus; b) assessment of
models of spreading centers in the Venus environment; c) study of the formation of plume plateaus;
d) analysis of underthrusting and melting relationships at compressional deformation zones; e)
analysis of accretion of plume plateaus and protocontinental formation on Venus and Earth; f)
documentation of petrological evolution of the crust in different tectonic environments; g) analysis
of formation and evolution of primary and secondary crust on one-plate planets.
d) Summary bibliography: (1) Campbell, D.B., Head, J.W., I-line, A.A., Harmon, J.K.,
Senske, D.A. and Fisher, P.C. (1989) Styles of volcanism off Venus: New Arecibo high resolution
radar data: Science, 246, 373-377; (2) Head, J.W. (1989a) Basic assemblages of geologic units in
the Venus northern hemisphere: Lunar and Planetary Science XX, 392-393; (3) Head, J.W.
(1990a) Venus crustal formation and evolution: An analysis of topography and crustal thickness
variations: Lunar and Planetary Science XX1, 477-478; (4) Sotin, C., Senske, D.A., Head, J,W.
and Parmentier, E.M. (1989) Terrestrial spreading centers under Venus conditions: Evaluation of a
crustal spreading model for western Aphrodite Term: Earth and Planetary Science Letters, 95,
321-333; (5) Head, J. W. and Crumpler L. S. (1987) Evidence for divergent plate-boundary
characteristics and crustal spreading on Venus: Science, 238, 1380-1385;(6) Vorder Bruegge,
R.W. and Head, J.W. (1990) Formation of eastern Ishtar Terra Venus: A comparison of models:
Lunar and Planetary Science XX1, 1282-1283; (7) Hess, P.C. and Head, J.W. (1989) Derivation
of primary magmas and melting of crustal materials on Venus: Some preliminary considerations:
Abstracts of the 28th International Geological Congress, Washington, DC, July 9-19, 1989, 55;
(8) Hess, P.C. and Head, J.W. (1990) Spreading center processes under Venus conditions:
Implications for crustal formation, petrology and structure: Lunar and Planetary Science
Conference XXI, 503-504; (9) Head, J.W. (1981) Lava flooding of ancient planetary crusts:
Geometry, thickness, and volumes of flooded lunar impact basins: Moon and Planets, 26, 61-88.
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ABSTRACT SUMMARY SHEET
PRINCIPAL INVESTIGATOR: James W. Head, III
CO-INVESTIGATORS AND COLLABORATORS: L. Wilson, E. Parfitt, L. Crumpler, K. Roberts, J.
Aubele, E. Slyuta, and A. Basilevsky.
PROPOSAL TITLE: Geological Studies of Planets and Satellites: Planetary Volcanism
ABSTRACT:
a) Objectives: To study the process of planetary volcanism from theoretical, observational, systems,
and comparative planetological points of view.
b) Pro_ess: 1) Assessment of the nature of dike systems feeding flank eruptions; 2) Assessment of the
nature of shallow magma chambers below cinder cones and domes; 3) Analysis of the factors
responsible for the development of pyroclastic eruptions and the characteristics of pyroclastic eruption
types (Hawaiian, etc.); 4) Interpretation of the variables in pyroclastic eruptions and how these
variations can be interpreted from the resulting facies and deposits; 5) Initial assessment of the role of
gravity in planetary eruption characteristics; 6) Preliminary assessment of the characteristics of Venus
upland plains and calderas and associated eruption conditions; 7) Initial assessment of Venus
cone/dome fields and interpretation of eruption conditions.
c) Proposed work: 1) Completion of a model of the nature of dike systems feeding flank eruptions; 2)
Completion of a model for the nature of shallow magma chambers below cinder cones and domes in
Hawaii and application to other deposits; 3) Further analysis of the factors responsible for the
development of pyroclastic eruptions and the characteristics of pyroclastic eruption types (Hawaiian,
etc); application to the eruption sequence of Hawaiian rift eruptions; 4) Further development of a model
for the interpretation of variables in pyroclastic eruptions and how these variations can be interpreted
from the resulting facies and deposits; application to observations of deposits; 5) Completion of the
assessment of the role of gravity in planetary eruption characteristics; preparation of manuscript for
publication; 6) Continuation of the assessment of the characteristics of Venus upland plains (Lakshmi
Planum) and associated eruption conditionsand assessment of the sources of melting and formation of
calderas. 7) Completion of the initial assessment of Venus cone/dome fields and interpretation of
eruption conditions; mapping of additional areas for continuation of assessment.
d) Supplementary bibliography: (1) J. Head and L. Wilson (1989) Basaltic pyroclastic eruptions:
Influence of gas release patterns and volume fluxes on fountain structure, and the formation of cinder
cones, spatter cones, rootless flows, lava ponds, and lava flows: Jour. Vol. Geotherm. Res., 37,
261-271. (2) tC Roberts and J. Head (1990) Lakshmi Planum volcanism: Basal melting of thickened
crust? LPSC XXI, 1019-1020. (3) L. Wilson and J. Head (1990) Factors controlling the structures of
magma chambers in basaltic volcanoes. LPSC XX/, 1343-1344. (4) J. Aubele (1990) Two global
concentrations of small dome-like hills on Venus. LPSC XXI, 32-33.
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ABSTRACI"SUMMARYSHEET
PRINCIPAL INVESTIGATOR: JamesW. Head,III
SCIENTIFICCOLLABORATORS:
L. Crumpler,E.Parmentiar,D. Senske,E.Stofan,S.Frank,S.Murchie,S.Keddie,R. Vorder
Bruegge,J.Aubele,A. Basilevsky,V. Kryuchkov,C. Sotin,D. Campbell,D. Bindschadler.
PROPOSALTITLE: GeologicalProcessesonPlanetsandSatellites:Tectonism
ABSTRACT:
a)Objectives:To understandprocessesof tectonicevolutionandmechanismsof heattransferon
planetsandsatellites.
b) Progress:1)Completedinitial studyof rifting asageologicprocessin theBetaRegioareaand
continuedanalysisof BetaRegioarea;2)Documentedevidencefor divergentplateboundary
characteristicsin theAphroditeTermregion;3)Continueddocumentationof convergence,
compressionaldeformation,andtheformationof orogenicbeltsin theMaxwell andFreyjaMontes
areaof IshtarTerra,andin ridgebeltsin theVenusplains;4) Continueddocumentationof the
characteristicsof coronastructuresandcontinueddevelopmentof modelsfor theirorigin; 5)
Continueddocumentationof thecharacteristicsof tesseraterrain,andcontinueddevelopmentof
modelsfor its origin.
c) ProposedWork: 1)Extendstudyof tiffing in theBetaRegioareaeastto Asteria,andsouthto
PhoebeRegio;2) Continuethedocumentationof evidencefor divergentplateboundary
chm'acteristicsin theAphroditeTerraregion,andassessmentof characteristicsof otherpartsof the
equatorialhighlands;3) Continuedocumentationof convergenceandcompressionaldeformation
andthearchitectureof orogenicbelts,with emphasison theevolutionof orogenicbeltsin Ishtar
Termandtheirrelationships,andin ridgebeltsin theVenusplainsandtheir link to compressional
andextensionaldeformation;4) Continuedocumentationof thecharacteristicsof coronastructures
for theareacoveredby Venera15/16andin detail for theregionwestof IshtarTerra,andcontinued
developmentof modelsfor theirorigin; 5)Continuedocumentationof thecharacteristicsof tessera
terrainwithemphasisondistinguishingmodelsfor its origin.
d) SummaryBibliography: (1) Senske,D. A., Head,J.W., Stofan,E.R. andCampbell,D. B.
•(1990)Geologyandstructureof BetaRegio:Resultsfrom newArecibodata:Lunar and Planetary
Science XX/, 1128-1129. (2) Head, J. W. and Crumpler, L. S. (1989) Divergent plate boundary
characteristics and crustal spreading in Aphrodite Term, Venus: A test of some predictions: Earth,
Moon, and Planets, 44, 219-231. (3) Head, J. W. (1990) Formation of mountain belts on Venus:
Evidence for large-scale convergence, underthrusting, and crustal imbrication in Freyja Montes,
Ishtar Terra: Geology, 18, 99-102. (4) Frank, S. L. and Head, J. W. (1990) Styles of
compressional deformation on Venus: Examples from ridge belts: Lunar and Planetary Science
XXI, 387-388. (5) Stofan, E. R. and Head, J. W. (1990) Coronae of Mnemosyne Regio:
Morphology and origin: Icarus, 83, 216-243. (6) Bindschadler, D. L., Kreslavsky, M. A.,
Ivanov, M. A., Head, J. W., Basilevsky, A. T. and Shkuratov, Yu. G. (1990) Distribution of
tessera terrain on Venus: Prediction for Magellan: GeophysicalResearch Letters, 17, 2, 171-174.
(7) deCharon, A. V. and Head, J. W. (1990) Structure of Laima Tessera: Comparison with Earth's
oceanic crust: Lunar and Planetary Science XXI, 262-263.
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Geologic Processes on Evolved Icy Satellites
Principal Investigator: James W. Head, III
Scientific collaborators and their institutional affiliations:
Co-Investigator:
Scott Murchie, Research Associate, Brown University
Scientific Collaborators:
E. Marc Parmentier, Associate Professor, Brown University
Christophe Sotin, Assistant Professor, University of Paris, Orsay, France
Lionel Wilson, Professor, University of Lancaster, Lancaster, U.K.
Jeffrey Plescia, Jet Propulsion Laboratory, Pasadena, CA
Paul Helfenstein, Research Associate, Comell University, Ithaca, N.Y.
Abstract:
a) Objectives: Comparative planetological studies of icy satellites, with emphasis on Ganymede
(and comparison of it to Callisto), Enceladus and Ariel. The goal is to complete a detailed
investigation of volcanic resurfacing and tectonic modification of Ganymede, to use this as a
reference frame for a comparative study of the styles of volcanism and tectonism on other icy
satellites with highly evolved surfaces, and to use these results to assess models for the internal
dynamical and thermal evolution of these icy satellites.
b) New Proposal.
c) Proposed Work: (a) We will complete a detailed investigation of the tectonic evolution of
grooved terrain on Ganymede, and will undertake similar investigations of analogous terrains on
other evolved icy satellites, with the goal of a comparative planetologic assessment of possible
internal driving forces in the evolution of these bodies. (b) We will undertake an investigation of
theoretical aspects of ammonia-water volcanism on large icy satellites, and will assess geologic
evidence for the involvement of ammonia in icy-satellite volcanism.
d) Summary bibliography: (a) Murchie, S., J. Head, J., Plescia, and P. Helfenstein, Terrain
types and local-scale stratigraphy of grooved terrain on Ganymede, J. Geophys. Res., 91,
E222-E238, 1986; (b) Murchie, S., J. Head, and J. Plescia, Tectonic and volcanic evolution of
dark terrain and its implications for the internal structure and evolution of Ganymede, J. Geophys.
Res., in press, 1990, (c) Murchie, S., The volcanic and tectonic history of Ganymede, Lunar
Planet. Sci. XX, 742-743, 1989; (d) Murchie, S., The tectonics of icy satellites, Advances in
Space Research, 10, 173-182, 1990; (e) Sotin, C., and S. Murchie, Internal dynamics of a
differentiated Ganymede: Constraints from experimental data, Lunar Planet. Sci. X/X, 1107-1108,
1988; (f) Murchie, S., and J. Head, The evolution of volcanism on Ganymede: Possible
importance of a low melting-point volatile, Lunar Planet. Sci. XIX, 819-820, 1988.
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PROPOSAL SUMMARY AND ABSTRACT
PRINCIPAL INVESTIGATOR:
Keith A. Holsapple
CO-INVESTIGATORS:
Aeronautics and Astronautics. FS-10
University of Washington. Seattle. WA 98195
(2O6) 543-6198
None
TITLE:
ABSTRACT:
FUNDAMENTAL STUDIES OF IMPACT MECHANICS V
a. Objective: This research involves theoretical and numerical studies of a variety of impact
phenomena, including cratering, surface spall and catastrophic fragmentation. An
important facet of the research is to continue to develop and apply scaling laws to bridge the gap
between small-scale laboratory experiments and the planetary conditions of interest.
b. _ It has been determined that the coupling parameter measure arises from and
governs the point-source solutions that evolve soon after the initial impact. The existence of
that single measure requires many scaling laws to have the observed power-law forms. The
physical basis for the value of the governing exponents of those power laws was not known.
Results during the present funding period have uncovered a number of cases where analytical
point source solutions exist, and can be derived, for equations of state which approximate those
for geological materials in the range of the problem where the coupling of the source into the
problem occurs. Progress also has been made on an important new approach to the numerical
solution of impact problems. It is based on a finite element approach with discontinuous basis
functions. A discontinuous solution with a shock wave can be captured exactly, and moving
shock waves can be explicitly followed without smearing the shock over several zones.
c. Prooosed Work: Continue theoretical formulation and analyses of point-source solutions
for geological materials...Compare real impact problems to those theoretical point-source
solutions using existing codes. Continue efforts to develop finite-element code approaches that
explicitly capture discontinuous shock wave solutions. Apply results obtained to cases
involving impact events in planetology.
d. Summary_ Biblio_aDhy:
Holsapple, K.A., "Scaling Issues for Impact Cratering", Lunar and Planetary Science XXI,
March 1990.
Choe, K_Y. and K_A. Holsapple, "The Discontinuous Finite Element Method with the Taylor-
Galerkin Approach for a Nonlinear Hyperbolic Conservation Law", Submitted for
Publication, 1990.
Housen, ICR. and ICA. Holsapple, On the Fragmentation of Asteroids and Planetary
Satellites", ICARUS 84, 226-253, 1990.
Schmidt, R.M. and K.A. Holsapple, "Planetary Ejection Mechanisms", American
Geophysical Union Fall Meeting, December, 1989
Holsapple, ICA., '_rhe Scaling of Impact Phenomenon", Intl. J. Impact Engr., 5, 343-355, 1987.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Co-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE:
ABSTRACT:
Henry E. Holt
Northern Arizona University
Box 4130, Flagstaff, AZ 86011
Prof. Charles W. Barnes
Alba Patera 1:500,000 Scale Geologic Map
(Type single-spaced below line. Lettered paragraphs
a. Objectives: I. Determine the structural and eruptive history of Alba
Patera, the largest central vent volcanic structure on Mars. The study will
investigate the general evolution of the Alba Patera shield volcano, the
nature of the regional structural deformation of the crust and evaluate
possible origins of the magma. II. Improve the cratering time scales for Hars
and advance our understanding of the present and past flux of solid objects in
the inner Solar System. The asteroid and long-period comet flux in the
terrestrial planet zone will be reassessed.
b. Proqress: Over 600 Viking Orbiter photographs covering Alba Patera has been
acquired and organized for geologic mapping. Preliminary mapping of the
sequence of flows on the northwest flank of the shield volcano reveal varlous
types and ages of lava flows, impiylng possible compositional differences
between flows or different eruptive styles. Photoclinometric profiles show
the lava flows vary from 45 m to over 128 m thick and they increase in
thickness do%.mslope. The grabens vary from 260 m to 800 m in depth but the
_;all slopes _120° to 26°_ are less than the angle of repose.
c. Proposed _;orn: Detailed geologlc mapplng of the two northwest photomosaic
quads I_i_445-117 and 45-112, in the 1:500,000 scale block of Alba Patera will
be completed durlng FY92. Prelimlnary geologic mapping will be started in the
adjacent quads of HTM 40-117 and 40-112. Image processing techniques wlll be
used to enhance albedo differences between flow units and to conduct
photoclinometrlc profiling of discrete lava flows, grabens, scarps, craters
and cnanneis. A new estimate of the population of liars and Earth crossing
asterolds will be made by combining discoveries made in the Palomar Asteroid
and Comet Surzey with earlier surveys.
d. Personnel: One professional (part-time).
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Lon L. Hood
lunar .& F}lan_tmrv !ah : ',Iniv nf Arizona
T,Jr_cln. Ari_nnm R%TP! (fiO9_ fiPI°_QR_
Co-INVESTIGATORS :
(Name Only)
PROPOSAL TITLE: Lunar Paleomagnetism and Magnetic Effects of [mDact Processes
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a) The investigation is designed to increase our understanding of the origin of lunar paleomagnetism
and the general nature of plasma, magnetic field,and remanent magnetization effects of large-scale
impacts on planetary surfaces. The work will further constrain the origin of the R.einer Gamma swirls
which have been suggested to be the product of either (i) relatively recent cometary impacts on the
Moon: or (ii) deflection of the solar wind ion bombardment by locally strong crustal magnetic fields.
b) During the past year, we have published results of a detailed study of the distribution and origin
o[ the lunar swirls, including numerical calculations of the trajectories of simulated solar wind ions
in model lunar magnetic anomaly fields to test the solar wind deflection model for the origin of the
swirls. In addition, we have investigated theoretically the expansion of the partially ionized vapor
cloud produced in lunar basin-forming events and its interaction with a simulated solar wind plasma
and magnetic field. Results for impact velocities of 15 to 20 km/sec showed that a magnetic field
and plasma compression event occurs in the zone antipodal to the impact point in a time of 400-500
seconds. This time interval is comparable to that required for compressional seismic waves to converge
in the same zone.
c) During the coming year, we plan to extend our calculations of the magnetic field effects of large-
scale planetary impacts by considering more general plasma and field environments including those
appropriate for Mercury, outer planet satellites, and a Moon with a former intrinsic magnetic field.
[n addition, we will explore several methods for improving our models of the interaction of solar wind
ions with local crustal magnetic fields. The latter calculations are relevamt t_ the surface distribution
of solar wind implanted hydrogen and helium-3 as well as to the possible origin of the lunar swirls.
d) Hood. L. and C. Williams, The lunar swirls: Distribution and possible origins, Proc. Lur_ar Planet.
Scz. Conf. 19th, pp. 99-I13,1989.
Lin, R.P., K.A. Anderson, and L. Hood, Lunar surface magnetic field concentrations antipodal to
young large impact basins, Icarus, 7_, 529-541, 1988.
Hood, L., Magnetic field and remanent magnetization effects of basin-forming impacts on the Moon,
Gcoph_/s. Res. Lctt., 14, 844-847, 1987.
Hood, L.L., Magnetic effects of large-scale impacts on airless planetary bodies, in Lunar Planet.. Sc,.
XXI, pp. 534-535,1990.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Co-INVESTIGATORS :
(Name Only)
PROPOSAL TITLE:
Alan D. Howard
Department of Environmental sclences, univ.
of Virginia, Charlott4svIIie, VA _Z_uJ
(804) 924-0563
GROUNDWATERA_ID PERMAFROST PROCESSES 0_I MARS
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
(a) Objectives: The proposed research will develop quantitative models of
groundwater flow on Mars and the interaction of that flow with surface processes,
ground ice, and the regolith. Such flow-related processes have been important in
redistributing water on Mars and have significantly affected surface landforms and
the regolith. The flow models utilize a combination of regional and cross-sectional
simulations and will be coupled with models of surface processes. Effects that will
be considered include recharge, confinement of flow beneath permafrost,
geothermal processes, ice-injection features, tectonic effects, loading and unloading
effects, and water-rock chemical interactions. Surface landforms influenced by
surface and _roundwater flow processes include scarps, fluvial channels, chaotic and
fretted terrain, putative glaciers, and possible pseudo-volcanic landforms.
(b) Research Progress: Experiments and theoretical models have been
developed of the evolution of scarps and valleys by the processes of groundwater
sapping, scarp backwasting, and fluvial downcutting. Morphometric techniques
have been developed to objectively characterize and compare scarp and valley
landforms on Earth and Mars. Global groundwater flow models are being
developed and tested. A general model for valley network and slope erosion of
cratered surfaces by surficial and groundwater processes is under development.
(c) Proposed Research: Various parameter values and boundary condition
scenarios will be examined using the global groundwater flow model. The cratered
terrain simulation model will be refined. Studies will be initiated of landforms that
may have resulted from interactions of artesian groundwater with ground ice, such
as chaotic and fretted terrain and pseudo-volcanic landforms.
(d) Summary Bibliography:
Howard, A.D. and C.F. McLane, 1988, Erosion of cohesionless sediment by
groundwater seepage: Water Resources Research, 24, 1659-74.
Howard, A.D., Kochel, R.C., and H.E. Holt, 1988, Sapping Features of the
Colorado Plateau: NASA SP-491, 108 p. (includes 3 chapters by the P.I.).
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Co-INVESTIGATORS:
(Name Only)
BRUCE M. JAKOSKY
LASP/Universit'_ of Colorado
Campus Box 392
Boulder, CO 80309-0392 (303) 492-8004
none
PROPOSAL TITLE: Remote Sensing of Mars
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposalt" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
(a) We are studying the nature of the martian surface using global remote-sensing
observations to supplement the limited high-resolution orbiter and in-situ lander
imaging and analyses. The purpose is to understand the physical properties of the
near-surface layer, and to use them to infer the nature of ongoing geologic processes,
including physical and chemical weathering of surface materials.
(b) new proposal
(c) During the coming year, we will: complete modelling and analysis of the role of the
atmospheric energy balance in affecting the remote determination of the thermal
inertia of the surface; continue analysis and modelling of the directional variations of
thermal emission due to the presence of roughness on surfaces on the Earth and
Mars, and determine the implications for our understanding of surface materials; and
model the energy balance and thermal-infrared radiative transfer within the top
hundred microns of the martian and lunar surface, in order to understand the role of
near-surface temperature gradients in affecting both the total energy balance of the
surface and the emitted infrared spectra.
(d) Moore and Jakosky, Viking lander sites, remote sensing observations, and physical
properties of martian surface materials, Icarus 81, 164-184, 1989. Jakosky and
Christensen, Are the Viking lander sites representative of the surface of Mars? Icarus
66, 134-142, 1986.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR: Raymond Jeanloz
301 Earth Sciences
University of California
Berkeley, CA 94720
(415) 642-2639
PROPOSAL TITLE: Experimental Studies of Core/Manfle_Volatile
Equilibria and Global Differentsation
ABSTRACT: (Type single-spaced below line. Lettered paragraphs (a) through (d) should
include: (a) brief statement of the overall objectives and justification of the work; (b) brief
statement of the accomplishments of the prior year, or "new proposal;" (c) brief listing of
what will be done this year, as well as how and why; (d) one or two of your recent
publications relevant to the proposed work.)
a.
b.
C.
The proposed work involves application of the laser-heated diamond cell to carrying
out experiments pertaining to core formation, outgassing and thermal histories of
terrestrial planets. Phase equilibria, syntheses of new phases and studies of kinetic
properties are conducted under calibrated P and T in the range 10 to 150 GPa and
1500 to 7000 K. Equilibria among core-forming metal (iron alloy), mantle minerals
(silicates, oxides) and volatile constituents under conditions of planetary interiors
receive particular emphasis.
Renewal of NAGW-604.
1. Characterize the changes in silicate differentiation mechanisms induced by
pressure deep inside terrestrial planets: a) X-ray diffraction evidence for structural
(coordination) changes in melts; b) Electron microscopic evidence for changes in
grain-boundary wetting. 2. Studies of melting at ultrahigh pressures: a) complex
core-forming alloys (includine meteorite samples); b) Basic theoretical and
experimental studies on meltin_ (simple systems). 3. Study volatile- (Ar-, Xe-,
H20- and C/CO2-) reactions w_th silicates iron alloys under P and T to establish
planetary, volatile budgets (H in Cores? H2 in Deep Mantles?) and core formation
processes. 4. Examine electromagnetic phenomena at planetary mantle-core
boundaries.
d. See Attachment.
Jeanloz, R., 1990, The nature of the Earth's core, Ann. Rev. Earth Planet. Sci., 18,
357-386.
Jeanloz, R., 1990, Thermodynamics and evolution of the Earth's interior, high-
pressure melting of silicate perovskite as an example, in Proceedings of the
Gibbs Symposium (G. D. Mostow and D. G. Caldi, eds.), Am. Math. Soc.,
Providence, RI, in press.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
R. E. Johnson
Department of Nuclear Engineering &
Engineering Physics 804-924-3244
Charged Particle Induced Alterations of
Surfaces in the Outer Solar System
Co-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE:
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
(a)
(b)
(c)
(d)
(e)
Objective: Calculations of the effects of charged particle
irradiation of the surface of outer solar system objects are
performed. This is done in order to describe the state of the
surfaces of the satellites, ring particles, and cometary
debris and in order to interpret remote sensing and space
craft observations of these objects.
Proqress: We have evaluated the irradiation processes
occurring on the surface of Pluto. These were shown to be
slow, so that the rates can be used to estimate regolith
turnover processes. We have also evaluated the nature of the
radiation-induced primordial crust on a comet and showed it
can survive entrance into the inner solar system.
proposed work: Because of the proposed lunar orbiter mission
we will evaluate the relationship between the sputter-ejected
gas and the surface composition. Our recent laboratory
reflectance data for ion bombardment of water ice will allow
us tore-examine the reflectance on the trailing hemisphere of
Europa and the icy Saturnian satellites. We are calculating
competition between various surface alteration processes on
Io.
4 papers, 2 oral presentations
Personnel: 1 faculty (part-time), 1 student (part-time)
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Names, Address,
Telephone Number)
Torrence V. Johnson
4800 Oak Grove Drive, MS 183-501, Pasadena, CA 91109
(818) 354-2761
CO-INVESTIGATORS:
(Name Only)
Robert H. Brown, Dennis L. Matson and Jay Goguen
TITLE: MULTISPECTRALANALYSIS
ABSTRACT: (Sin&le-spaced, type within box below. Paragraphs numbered (a)
throush (d) should include: (a) brief statement of the overall objectives and
justification of the work; (b) brief statement of the progress and
accompiishmenSs of the prior year, or "new proposal"; (c) brief listing of
what will be done this year, as well as how and why; and (d) summary
bibliography}:
A. OBJECTIVES: This research involves analysis of multispectral data and
images from spacecraft and telescopes. Current thrust is analysis of
multispectral global mosaics produced from Voyager observations of the
Galilean, Saturnian, Uranian and Neptune Satellites. Included are studies of
the distribution of distinct spectral and compositional units on the
satellites, and their relationship to: geologic features, ground-based
spectral studies and interactions with the Jovian magnetosphere. Integrated
studies of Io, including Voyager and groundbased infrared data are arrived at
understanding its volcanic nature and the distribution of volatile material on
the surface. A search will be made for methane clathrate, ammonium hydroxide
ice and carbon monoxide frost on icy satellites using telescopic data obtained
under separate funding.
B. PROGRESS: Research highlights of the past year include: (i) completion of
analysis Io occultation observations and planning for the 1991 events, (2)
participation in analysis of new IR camera results for Io hot spots and
surface volatile distribution, (3) completion of review chapter on Uranus
satellites for Uranus book, (4) support of Voyager Neptune planning and data
analysis in the areas of camera calibration, Triton size and albedo, Triton
photometric function, and interior structure, and (5) continued studies of
solid state greenhousing, including applications to the driving mechanisms for
Triton's active plumes.
C. PROPOSED WORK: During the coming year, we expect to: (i) continue
analysis of icy satellite data in conjunction with USGS and UH, (2) analyze
Voyager 2 data for Neptune satellites, (3) characterize lo's volcanic
distribution and time variability, and (4) analyze spectrophotometry for
Europa, Ganymede, Enceladus, Ariel and Titania and (5) update to Voyager
camera calibration.
D. SUMMARY BIBLIOGRAPHY: Multiple abstracts, 5 papers published (1988), 1
paper (1989), 4 papers in press.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
CO-INVESTIGATOR:
(Name Only)
PROPOSAL TITLE:
ABSTRACT:
William M. Kaula
University of California, Los Anqeles
Department of Earth & Space Sciences
405 Hilqard Avenue
Los Anqeles, CA 90024
213-825-4363
Dynamics of the Oriqin of the Solar System
a. Objective: to determine the nature of heterogeneities oc-
curring in the collapse of the protosolar cloud, and their effects on
protoplanetary nebula formation.
b. Accomplishments of the prior year: Test runs of the momentum and
Poisson equations of the hydrodynamic code using a 31x31x31 grid on
the SDSC Cray-YMP, verifying correctness of the code within a fraction
of a percent against other codes & analytic models. Development of
the radiative transfer equations, and testing thereof at the subrou-
ine level. Set-up of shock treatment and regridding procedures.
c. Plans for the coming year: Complete development of the hy-
drodynamic collapse code, apply it initially to clouds of low an-
gular energy, and further develop criteria for problem definition.
d. Recent relevant publications: Myhill, E. & Kaula, W. A second-
order numerical model of protostellar cloud collapse and nebular
formation, Astr. Soc. Pac. Cent. Mtg., Berkeley, CA, 1989, and &met.
Astr. Soc. Ann. Mtg., Washington, DC, 1990; Protostellar collapse and
nebula formation; a second order model including radiative transfer:
"Protostars and PLanets III" conf., Tucson, AZ, 1990.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Susan W. Kieffer
Department of Geology_ Arizona State
Tempe_ AZ 85287-1404
University
Co-INVESTIGATORS :
(Name Only)
PROPOSAL TITLE:
Fluid Dynamics of Multiphase Flow in Volcanic Environ-
ments on the Earth a _o_ and Other Planets
ABaTRaC  (Type-slngle-6 balm Ltn _ rattared   
(a) through (d) should include:, a. brief statement o£ the=
overaLL objectives and Justification of the work; b. brief_
statement of the accomplishment_ of the prioz_year;-oz_ "new
proposal;" c. briefi listing_ of what_ will be done this _[ear, as
weLL as-how and why;-and d: one-oz-two-of your recen_ pub1"i-
c_tions relevant to the pronosed -.'._.rk."
ADITAAE/ 
(a_O_ective and iusfificafion:The objectiveof theproposed effo_ istoformulatenumencal
models for the flow of mukiphase fluids through volcanic systems under planetary conditions where
phase changes within the conduit and/or plume are important, and where transitions may occur from
incompressible, subsonic to compressible supersonic flow. Particular emphases will be placed on
comparing hydrothermal and volcanic processes on the Earth with active processes on Io, but
consideration willl also be given to eruptions on the Moon, Mars, Venus, and Europa. Particular
emphasis has been placed on martian processes during the past year. The propose work differs from
past work on planetary volcanism in the nature of the chemistry of materials considered, and in its
focus on equations-of-state appropriate to the very low pressure and temperature conditions which
erupting materials reach as they enter the low-pressure planetary atmospheres. In response to, and
agreement with, reviewers comments that the proposed work was too ambitious, mod/Wlcarions to the
level of detail previously proposed are discussed in this renewal. The justification for the work is that
it extends volcanic eruption models to pressures, temperatures, and chemistries not yet quantitatively
examined, and that it could provide suggestions for specific observations that can be made both by
Galileo spacecraft and by ground-based observers.
(b) Progress: Progress has been frustratingly slow because year 2 funds have not arrived
from NASA as of 4/10/90. This resulted in a freezing of my spending of year 1 funds (because
notification of continuing funding or a no-cost extension is required from NASA before ASU allows
expenditure of funds), and the year 1 funds had arrived after the year 2 proposal was due (May,
1989), and were then frozen when the 10/31/9.0 deadline passed, i.e., I have had--to date--almost no
funding from NASA and this has not allowed me to hire a student systemmatically (the main expense
in this proposal) to help get the major project (formulation of and graphic display of a thermodynamic
data base) underway. Nevertheless, the data base is being worked on, and a major paper on
geothermal, hydrothermal, and phreatic eruption processes on Mars is in preparation, and it is expected
that a similar approach to Io will be fruitful.
(c) Work Plan. year 3: As soon as funds become available and a search can be made, I plan to
hire a computer specialist to assist in transfer and organization of the computer programs relevant to the
thermodynamic data base. I will then proceed with addition of more data (low temperature, high
pressure) for the H20-CO2 system, add the calcium and silica solubilities as planned, and add the S
and SO2 systems. I plan to finish the calculations of plausible geothermal, hydrothermal, and phreatic
eruption models for Mars. I will import or create best combination of thermodynamic databases and
fluid-flow models onto Sun work stations.
(d_ Relevant bibliograDhv; None because of the problems described in (b)
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PROPOSAL SUHHARY
(Names, Address,
Telephone Number)
Trude V.V. King
USGS, MS 964, Box 25046 DFC, Denver, CO 80225
(303) 236-1373 ; FTS 776-1373
CO-INVESTIGATORS:
(Name Only)
R.N. Clarkj D. Sherman
TITLE: Compositional Analysis of the Martian Surface
ABSTRACT: (Single-spaced, type within box below. Paragraphs numbered a.
through d. should include: a. brief statement of the overall objectives and
Justification of the work; b. brief statement of the accomplishments
of the prior year, or "new proposal"; c. brief listing of what will
be done this year, as well as how and why; and d. one or two of your
recent publications relevant to the proposed work.):
a. Fine-gralned materials cover a significant portion of the surface of
Mars, however their compositions are not well-deflned. Theoretical
applications, direct sampling by the Viking landers and remote observations
argue for the presence of high-Fe basalts and associated altered materials as
the predominant mineral assemblages on the surface of Mars. Although, recent
interpretations of remote sensing data suggest that sulphate and carbonate-
bearing materials may also be present. The proposed work will more accurately
determine the surface composition of Mars by using spectroscopy of mineral
mixtures, based on laboratory experiments and theoretical considerations in
the wavelength region from 0.2 to 200_m as comparisons to remotely sensed
data. Using these measurements it should be possible to distinguish the
primary rock-forming silicates and their weathering products.
b. Renewal proposal
c. The proposed work will incorporate the spectra (0.2-200_m) of standard
laboratory mineral and rock samples in conjunction with theoretical mineral
mixing models to more accurately determine the composition of the Martian
surface. The laboratory data will be compared and contrasted to the
reflectance spectra (0.35 to 2.5_m) of Mars obtained by Earth-based telescopic
methods, the Mariner 6 and 7 IRS instrument (2.0-14.0_m) and the Mariner 9
Infrared Interferometer Spectrometer(IRIS) data (-6.0-50_m). The spectra will
be collected using -a modified Beckman 5270 Spectrophotometer, a Nicolet 740
FTIR Spectrometer and a modified Mossbauer Spectrometer.
d. King, T.V.V. and R.N. Clark, 1989, Spectral Characteristics of
serpentines and chlorites using high resolution reflectance spectroscopy. J.
Geophys. Res. 94, 13997-14008.
Calvin, W.H., and T.V.V. King, 1990, Analysis of Mariner 6 and 7
Spectra for Weak Absorption Features From 2-6_m. Lunar and Planetary Science
XXI, 153-154.
Calvin, W.M., 1990, Additions and Corrections to the Absorption
Coefficients of CO 2 Ice: Applications to the Martian South Polar Cap. J.
Geophys. Res., in press.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Randolph L. Kirk
U.S. Geological Survey, Flagstaff, AZ 86OO1
(602) 527-7020; FTS 959-7020
Co-INVESTIGATORS:
(Name Only)
Henry J. Moore
PROPOSAL TITLE: Mars Surface Roughness From Two-Dimensional
Photoclinometry
ABSTRACT: (Type slngle-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
n. Oh.j_ctlv_s: To apply recently developed techniques for two-dlmensional photoclinometzy (PC) to
Viklnl$ Orbiter image data to calculate digital topographic models for selected Martian sites to deter-
mine from these models the surface-roughness characteristics of these sites. These surface-roughness
data will be used to (1) provide independent confirmation of the radar slope estimates, if possible, and
estimate slopes in areas not probed by radar (with application to landing-site selection for future Mars
missions); (2} investigate the variation of tins slope over well-defined horizontal scales in an attempt
to explain the lack of wavelength dependence in the radar results; (3) quantify more subtle aspects of
the surface roughness such as the shapes of slope probability distributions and the isotropy of slopes,
and (4) relate the toughness properties to the geologic features in the images.
Estimates of the surface roughness of Mars based on radar scattering properties (which are sensitive
to the distribution of slopes >_ a wavelength in extent, averaged over large and frequently geologically
inhomogeneous areas of the planet) have proven difficult to relate to other properties. In contrast
with the Martian data, the lunar zadar-derlved roughness estimates correlate strongly with roughness
estimates from images, with geologic units, and with a wide variety of properties including thermal
inertia, albedo, and age (Moore et al. 1980). Particularly perplexing is the lack of evidence for
dependence of the radar-derived roughness on wavelength for most Martian areas studied. Such
dependence (clearly seen for the Moon) would be expected on the basis of the simple arguments that
slopes measured over shorter baselines normally exceed those on longer baselines and that different
wavelengths are sensitive to slopes at different scales. On the basis of lunar experience, the range of
baselines that best correlate with 13 to 70- cm radar data is readily resolvable in Viking images, giving
hope that PC results may allow us to solve this problem.
h. Progr_,,ss: (I) Development of statistical techniques to test the hypotheses of the original physical-
optics interpretation of Hagfors scattering law and the geometric-optics i,,terpretation. (2) Selection
and initial processing of images near the 1986 Goldstone radar tracks. Results favor the geometric-
optics interpretation: surfaces do not show increasing roughness with decreasing baseline at the image
resolution but are smooth, and the slope distributions are similar to those that would result in Hagfors's
law. Measured rms slopes are similar to those obtained by radar.
e. Work Pl,t, FY91: (1) Complete PC roughness analysis of areas covered by radar. (2) Select and
analyse additional images that extend the method to regions for which radar data are not available. (3)
Correlate the derived roughness properties with local geology and compare radar-scattering behavior
predicted from the topography with that observed (where available).
d. R,elcvant Bil,lit_grnphy: KIRK, R. L. (1984) A Finite Element Approach to Two-Dimensional
Photoclinometty (abs. I. [_,ll. Amer. Astro,. See., 16. 709. KIRK, l_. L. (1987) A Fa._t El,ire gle,,,,,,t
Algorithm for T,,'o-1)i,,,e,siotlal Photoeli,ometr,'. Part llI, Ph.D. Thesis (unpubl.), Caltech, 165-258.
Mooar_, tl..I, e_ al. (1980) Lunar Remote Sensing and Measurements. U.S. Geol. Surv. Prof. Paper
1046-B, 78 p.
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pROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Randolph L. Kirk
USGS, 2_55 N. Gemini Dr.. Flag_taff. AZ R6QOI
602-627-7020: FTS 765-7020
Co-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE: Practical Two-Dimen$iQnal Radarclinometry and
Photoc ] i nometry.
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work. )
n. Ohjo ctiv_ nlld Justiflentioll. Photoclinometry (PC) and especially radarelinometry (RC) are
potentially valuable tools for deriving topographic information that is unavailable by other methods
and is useful in a wide variety of geologic studies of planetary surfaces. Preliminary testing of a rapid
finite element PC/RC algorithm indicated that a simultaneous solution for the topography can be
obtained at an equivalent serial rate of I0 pixels per second. Work conducted as part of this project
has substantially increased the speed, stability, generality (notably application to surfaces with non-
uniform albedo using two images), and ease of use of the clinometry algorithm. Purther development
will permit incorporation of various types of a prior/information about the topography, and of surface-
atmospheric interaction of scattered light as part of the model. Scientific topics selected for study in
this project include the nature of cryovolcanlsm and origin of grooved terrains on icy satellites, the
geology of Valles Marineris interior deposits, and the stratigraphy and origin of the Martian polar
layered terrains.
h. Progress: (1) Advances in the clinometry algorithm leading to increases in speed, stability,
applicability to small bodies for which the full disk is visible, and introduction of point constraints
on topography (benchmarks). Implementation of ultra-fast approximate PC/RC algorithm that does
not require entire image in computer memory st once, allowing processing of extremely large datasets.
(2) Study of Triton cryovolcartism using photoclinometry. Prescrv_tion of topogxaphy limits globs/
CH4/N__ layers to less than 100 m and eliminates these substances as mare fill. Based on height/width
measurements, linear eruptions were formed by material up to l04 times less viscous than those on
Ariel, CH., or N_. cannot be ruled out on purely theologic g_ounds. (3) Topographic models of Triton,
Miranda, Ariel, Encelsdus, and portions of Ganymede constructed. Comparative study of morphology
and origin of grooved terrains on icy satellites begun usin 8 these models.
<-. Work Plall FYgI: (I) Continue development of a prh,ri constrained photoclinometry to incorpo-
rate estimation of atmospheric scattering. (2) Use blscopic and constrained photoclinometry to study
the stratigraphy of Valles Marineris and of polar deposits on Mars.
d. lq.clevaut Dibliography: KIRK. R. l,. (1987) A Fast Fi.ite Eleme.t Algorithm for T_ro-
Dime.sionai Photocli.ometr._: Part III, Ph.D. Thesis (unpubl.), Caltech, 108-258. KIRK. 1_. b.
(1990) Diffusion Kinetics of Solid Methane and Nitrogen: Application to Triton (abstract). Lunar
Pla,et. Sci., XXI, 633--634.
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Pro eres_ Reoort
INVESTIGATIONS OF TECHNIQUES APPLIED TO
HYDRODYNAMIC INTERPRETATIONS OF FLOODS
Paul D. Komar
College of Oceanography
Oregon State University
Corvallis, Oregon 97331
Introduction
We are limited in our ability to quantitatively assess the hydraulic parameters of
paleofloods, whether those floods occurred on Earth or Mars. The desire is to be able to examine
the products of floods, whether erosional or depositional, and to use that evidence to evaluate flow
velocities, bed stresses, depths and discharges. Such techniques have been applied mainly to
prehistoric floods of still-active river systems, to evaluate unusual flow events that left a
signirk:ant record in the form of eroded landforms and deposited sediments. Such hydraulic
reconstructions also have been attempted for cataclysmic floods such as those which carved the
Channeled Scabland in eastern Washington (Baker, 1973; ) and glacial-lake spillways in North
Dakota and southern Canada (Lord and Kehew, 1987; Komar, 1988, 1989). The overall
objective of my NASA research has been to improve our techniques for evaluating the hydraulic
parameters of major flood events so as to enhance reconstructions of the flows that eroded the
outflow channels on Mars. This on-going research is focusing on three techniques:
(1) flow-competence evaluations
(2) scour around flow obstacles
(3) channel sinuosity
Most of my progress to date, reported in a series of journal publications, has centered on
improved flow-competence assessments of flood hydraulics. That work is nearing completion, so
my research efforts are increasingly directed toward the remaining two techniques.
8O
PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR: Larry A. Lebofsky
Senior Research Scientist
Lunar and Planetary Laboratory
University of Arizona
Tucson, Arizona 85721
602-621-6947
PROPOSAL TITLE: AN INFRARED REFLECTANCE STUDY OF
LOW ALBEDO SURFACE CONSTITUENTS
ABSTRACT:
a) We propose to expand upon our previous laboratory IR-reflectance studies of low-albedo
materials. Our objective is to analyze our telescopic data obtained under separate funding,
obtain spectra of laboratory analogs, and compare these spectra in order to determine the
mineralogy of the asteroids. It has been shown that the asteroids were probably formed
fairly close to their present locations and the majority may be relatively unaltered since
their formation. Thus, studies of these primitive bodies is important to our understanding
of the formation and evolution of the solar system. Our work is also directly applicable
data analysis from spacecraft encounters with asteroids and other small bodies by missions
such as Phobos, Galileo, Cassini, and CRAF.
b) During this period, we have obtained visual and infrared spectra of a suite of mete-
orites and low-albedo materials and have begun comparisons with telescopic observations.
We have also made some preliminary attempts at obtaining spectra of cooled samples.
We are now collaborating with Dan Britt at Brown University and so have access to
their meteorite spectra, c) During the next year, we propose to continue our laboratory
studies. We are close to purchasing an environmental chamber for cooling our samples,
in order to observe the effects on water in asteroidal clay minerals. At the same time,
our observational studies of primitive asteroids are also expanding so we will have a much
larger data base for analysis and comparison. Our primary goals are to: 1) analyze near
IR (1.0 to 4.0/_m) spectra of asteroids obtained under separate NASA funding 2) compare
these to our presently existing laboratory spectra of meteorites, meteorite analogs and
other low-albedo materials 3) continue efforts to obtain spectra under low-temperature
conditions with the system we are procuring under previous year funding, 4) conduct a
literature search, reanalysis of our old data, and new reflectance studies of low-albedo
candidate materials for comparison with unidentified spectral features in our existing
spectra of outer belt and Trojan asteroids, and 5) expand our lab studies to include
other low-albedo meteorites that may be important asteroid analogs such as the black
chondrites, d) Jones (1988), Lebofsky et al. (1990), Jones et al. (1990).
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PROPOSAL SUMMARY
Principal Investigator: Steven W. Lee
Laboratory for Atmospheric and Space Physics
Campus Box 392
University of Colorado
Boulder, Colorado 80309
Telephone: (303) 492-5348
R. Todd Clancy
Proposal Title: Viking Photometric, Albedo, and Thermal Studies of Mars
ABSTRACr
a) The goals of this project are to determine the physical properties of dust in the martian
atmosphere, to develop corrections for the effects of dust loading on observations of the martian
surface, and to examine the photometric behavior of the surface and atmosphere.
b) During the previous year, a radiative transfer model of the Mars atmosphere and surface has
been developed. This has been utilized to examine atmospheric dust properties and to examine the
temporal behavior of surface albedo (corrected for the effects of dust loading) in the Cerberus
region.
c) During the coming year, we will expand upon our earlier photometric analyses of IRTM
emission-phase-function observations, incorporating the radiative transfer modelling developed
during 1989 and 1990.
d) Clancy, R.T. and Lee, S.W. (1990). Derivation of Mars atmospheric dust opacities from
radiative transfer analysis of Viking IRTM emission phase function sequences (abstract), Lunar
Planet. Sci. Conf. XXI, 194-195. Lee, S.W. and Clancy, R.T. (1990). The effects of
atmospheric dust on observations of the surface albedo of Mars (abstract), Lunar Planet. Sci.
iConf. XXI, 688-689.
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PROPOSAL SUMMARY - ABSTRACT
PRINCIPAL INVESTIGATOR: Eugene H. Levy, Professor of Planetary Sciences
Lunar and Planetary Laboratory
University of Arizona
Tucson, Arizona 85721
(602) 621-6962
TITLE: Generation and Behavior of Solar System Magnetic Fields
ABSTRACT:
(a) Many solar-system objects possess intrinsic magnetic fields generated by internal dynamos. The fields influ-
ence planetary dynamical processes, and provide clues about planetary interiors. Evidence suggests the
presence of an intense magnetic field in the early solar-system nebula, which may have had significant ef-
fects on the solar system's formation. This research is aimed at elucidating the generation, behavior and
influences of such solar-system magnetic fields.
(b) Investigated generation and behavior of dynamo magnetic fields in the protoplanetary nebula and in plan-
ets; developed theory of nebular disk magnetic flares and and explored the possible connection to the
formation of meteoritic chondrules and the consequences for our understanding of the protoplanetary
nebula; investigated electrical conductivity of protoplanetary nebula gas, involving careful examination of
the interaction of free charge with dust in the relatively dense bath of nebular gas.
(c) We will continue exploration of magnetic field generation, behavior, and effects in the protoplanetary neb-
ula. We will continue studies of nebular disk flares, with emphasis on their possible role in chondrule for-
mation and other transient disequilibrium phenomena that could have produced anomalous chemical
states in meteorites. We will continue investigations of meteorite chondrules and the implications for the
nature of processes in the protoplanetary nebula. We plan to complete work on the generation of dy-
namo magnetic fields in the presence of imposed ambient fields, exploring the possibility that polarity as-
.ymmetries in Earth's magnetic field were induced in this way, and to develop some possibly new insights
into the way in which planetary magnetic fields achieve dynamical equilibrium. We will continue to inves-
tigate the electrical conductivity of protoplanetary nebula gas in order to explore basic questions that
stand in the way of understanding the magnetic behavior of the nebula. We will carry out studies of the
behavior of the terrestrial magnetic field to further understanding of planetary magnetic field generation
more generally.
(d) 1988, Generation of dynamo magnetic fields in protoplanetary and other astrophysical accretion disks (T.
Stepinski and E.H. Levy) Astrophysical Journal, 331, 416.
1989, Magnetic Reconnection Flares in the Protoplanetary Nebula and the Possible Origin of Meteorite
Chondrules (E.H. Levy and S. Araki) Icarus, 81, 74.
1990. Dynamo magnetic field-induced angular momentum transport in protostellar nebulae: The minimum-
mass protosolar nebula (T.F. Stepinski and E.H. Levy) Astrophysical Journal, 350, 819.
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PROPOSA_ SUMMARy
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Jack Lissauer
ESS Dept., SUNY, Stony Brook, N.Y. 11794-2100
(516) 632-8225
None
DYNAMICAL PROBLEMS IN THE SOLAR SYSTEM
Co-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE:
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a) Objectives: To develop a better understanding of several aspects of the origin and evolution of the solar
system. The process of planetary accretion will be investigated in an effort to place constraints on the surface mas
density distribution of the protoplanetary disk and the time scales of planetary growth. The ring systems of the
giant planets will be studied to improve understanding of physical processes important in the solar nebula and
other disk systems. The cratering record on some of the oldest surfaces in the solar system will be analyzed to
learn about debris remaining at the end of the accretion epoch.
(b) Progress: 1) Analyzed spiral waves in Satum's rings as seen by the Voyager radio occultation. 2) Continued
analysis of Voyager PPS uranian ring occultation data. 3) Continued investigating three-body planetary accretion
rates in planetesimal disks with low random velocities. Submitted first paper on this topic for publication. 4) Begat
work on review of planetesimal dynamics for Protostars and Planets III book.
(c) Proposed Work: 1) Finish analysis of wave features observed in the Voyager radio occultation of Saturn's ring
2) Derive best-lit optical depth estimates with error bars for Voyager PPS uranian ring data. Use these results to
compute local eccentricity gradients for the _ and _ rings. 3) Compute protoplanet accretion rates in a gas-rich sol_
nebula. 4) Incorporate the effects of three-body scattering of planetesimals by protoplanets into a planetary
accretion code. 5) Finish review chapter for Protostars and Planets III book. 6) Apply statistical tests developed if
the study of the cratering record on Saturn's moons to other heavily cratered surfaces in the solar system.
(d) Major Recent Publications: 1) Rosen and Lissauer (1988) "The Titan -1:0 Nodal Bending Wave in Saturn's Ril
C" Science, 241,690. 2) Greenzweig and Lissauer (1990) "Accretion Cross Sections of Protoplanets" Icarus, ir
press.
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FROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR: Baerbel K. l lJcchitta
(Name, Address, U.S.G.S.. 2255 N. Gemini Dr.. Flaa_taff. AZ 86001
Telephone Number)
Co-INVESTIGATORS :
(Name Only)
PROPOSAL TITLE: Structure of the Valles Marineris
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
Objectives: The objective of the study is to contribute to an understanding of the
origin and evolution of the Valles Marineris troughs by conducting a detailed
analysis of structures within the troughs and on the nearby plateaus. The study
will shed light on such questions as (i) the time of opening of the troughs and the
influence of reglonal stress systems on their formation and evolution; (2) the
relative importance of tectonic movement, surficial collapse, and erosional
widening; and (3) the relative merits of models of origin involving either
withdrawal of material at depth and collapse or plate-tectonic style rifting.
Proqress: A fundamental study concerning the origin of the troughs has been
addressed - are the troughs predominantly of tectonic or of erosional origin? A
morphometric study of chain craters and troughs showed that they do not form a
morphologic continuum. This result suggests that different processes made these
depressions: whereas the chain craters prob/bly formed by surficial collapse of
materials into subsurface voids, the troughs apparently formed by tectonic failure
of more coherent blocks.
Anticipated work: All structures (faults, ridges, lineations, grabens, tilted beds)
inside the Valles Marineris will be identified, mapped, and classified, and fault-
plane attitudes will be determined. We will calculate the volumes of units and
voids and publish the results.
Biblioqraphy:
Lucchitta, B.K., 1987, Recent mafic volcanism on Mars: Science, v. 235, p. 565-567.
Lucchitta, B.K., 1987, Valles Marineris, Mars: Wet debris flows and ground ice:
Icarus, v. 72, p. 411-429.
Lucchitta, B.K., 1990, Valles Marineris, Mars: Are pit chains formed by erosion and
troughs by tectonism? (abs.), in Lunar and Planetary Science 21: The Lunar
and Planetary Institute, Houston, Texas, p. 722-723.
Lucchitta, B.K., Young volcanic deposits in the Valles Marineris, Mars: Icarus, in
press.
Lucchitta, B.K., Clow, G.D., Geissler, P.E., McEwen, A.S., Schultz, R.A., and
Squyres, S.W., The canyon system o_ _ars: Submitted to the "The Mars Book,"
University of Arizona Press.
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pROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Baerbel K. Lucchitta
U.S.G.S._ 2255 N. Gemini Dr., Flaqstaff 2 AZ 86001
602-527-7,1761FTS 765-7176
Co-INVESTIGATORS :
(Name Only)
PROPOSAL TITLE: Mars Geoloqic Mappinq: Eastern Candor and Central
Melas Chasmata.-
ABSTRACT: (Type slngle-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accompllshmente of the prior year, or "new
proposal;" c. brief lleting of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
Objectives: To prepare geologic maps of eastern Candor (MTM -05067) and
central Melas (MTM -10072) Chasmata. The maps adjoin a map prepared under a
previous project. Specific objectives are (I) to identify, map, and
establish relations among three major units that border or cover the floors of
troughs: wall rock, layered deposits, and irregular floor deposits; (2) to
establish a relative time sequence for the units; (3) to shed light on the
origin of the units; and (4) to contribute to an understanding of the relative
roles that tectonism or erosion played in the origin of the troughs and in the
formation o2 "moats" between layered deposits and trough walls.
Proqress: Base materials and images have been assembled, preliminary units
identified, and preliminary contacts located for map _fI_ -05067 (eastern
Candor Chasma). Critical relations among units were investigated, leading to
the recognition that eastern Candor Chasma is composed of two structural
troughs that probably developed sequentially.
Work Plan: FY90 and FY91 -- Finalize map MTM -05067 and produce map
M_ -10072.
Bibliography:
Lucchitta, B.K., 1987, Recent mafic volcanism on Mars: Science, v. 235,
p. 565-567.
Lucchitta, B.K., 1987, Valles Marineris, Mars: Wet debris flows and ground
ice: Icarus, v. 72, p. 411-429.
Lucchitta, B.K., Young volcanic deposits in the Valles Marineris, Mars:
Icarus, in press.
Lucchitta, B.K., Clow, G.D., Geissler, P.E., McEwen, A.S., Schultz, R.A., ,and
Squyres, S.W., The canyon system on Mars: Submitted to "The Mars Book,"
University of Arizona Press.
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PROPOSAL SUMMARY
TITLE: Theoretical Studies of Volatile Processes in the Atmospheres and Surfaces of
Outer Solar System Bodies
PERFORMING ORGANIZATION: Lunar and Planetary Laboratory, University of Ar-
izona, Tucson, AZ 85721
INVESTIGATOR'S NAME: Jonathan I. Lunine, Asst. Professor of Planetary Sciences,
602-621-2789.
ABSTRACT:
(a) Investigate the role of volatile materials and processes in determining the present-day surfaces,
atmospheres and evolution of outer solar system bodies. Infer the composition of volatile molecu-
lar species on outer solar system bodies from spacecraft and ground-based data, and use these
along with semi-analytic thermodynamic and radiative transfer models to constrain chemical/
physical models of their origin. Data sets uolized include published ground-based studies, and
Voyager results.
(b) (1) A preliminary model of the Triton surface-atmosphere interactions in the polar cap regions
has been constructed based on the initial analysis of Voyager data; (2) A model of the production
of photochemical hazes on Pluto was constructed and used to show that such a haze is likely not
responsible for certain feature of the stellar occultation light curve of Pluto; (3) A review of avail-
able data sets of Io was conducted to reassess the model that sulfur compounds are present on the
surface of Io; (4) A model of the thermodynamics of clathrate formation was applied to compute
the amount of noble gases which could be trapped in permanent ice deposits on Mars; (5) The drag
heating of infaUing solids has been quantified in detail to assess the amount of ammonia and other
volatiles which remained sequestered in grains in the outer solar nebula during planet formation;
(6) The experimental investigation of the theology of the ammonia-water system has been com-
pleted and compared with simple theoretical models to derive the identity of molecular clusters in
the liquid.
(c) (1) More sophisticated models of surface-atmosphere interactions on Triton and Pluto will be
constructed, utilizing to the fullest extent the available ground-and space-based data sets; (2) A
volatile inventory of Triton and Pluto will be constructed and used to constrain models for the ori-
gin of these materials in the solar nebula and precursor giant molecular cloud; (3) Work will begin
on models of the earliest evolution of Titan's atmosphere and surface; (4) Preliminary examination
of the IRIS data on Loki will be undertaken to compare against current hot spot models and to pre-
pare for the 1991 mutual events data.
(d) Lunine, J.I., 1989. Volatile processes in the outer solar system, lcarus 81, 1-13; Hubbard,
W.B., R.V. Yelle and J.I. Lunine. 1990. Non-isothermal Pluto atmosphere models. Icarus 84, 1-11.
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PROPOSA_ SUM/___ARY
PRINCIPAL INVESTIGATOR: Paul G. Lucev
(Name, Address, P!anetarv Ceoscience_
Telephone Number) 2525 Correa Road, Honolulu. HI 96822
(808) 948-6488 (after 5/1/90: (808) 956-6488)
Co-INVESTIGATORS :
(Name Only)
PROPOSAL TITLE: MINERALOGIC MAPPING OF THE LUNAR SURFACE
ABSTRACT.: (Type single-spaced below line. Lettered paragraphs
(a) _hrough (d) should include: a. brief stazement of _he
overall objectives and justification of the work; b. brief
statement of _he accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a) This project is intended to map the mineralogy of the lunar surface through the application of
two "new" remote sensing techniques: imaging spectroscopy in the visible and near-IR and
mid-IR spectroscopy. These techniques offer unique opportunities to better understand the
mineralogical variation of the lunar surface through contiguous spectral coverage of large
portions of the surface and through detection of minerals to which the near-IR is relatively
insensitive.
b) Two major areas of progress were completed. An imaging spectroscopic data set for the
Humorum multiringed impact basin was fully calibrated and a preliminary analysis was
completed. It was found that there were two distinct spectral units in the highlands exterior to
the basin mare fill which were interpreted to be due to extensive buried mare basalts. It was
also shown that two craters in the mare penetrated the mare fill and excavated highland material
from beneath the basalt. It was also shown that these craters show asymmetric distribution of
composition within their rims, exposing mare material on their western portions but highland
material on their east walls. Direct comparison of new and historic mid-IR measurements of the
Moon was carded out to determine the cause of the apparent inconsistency between
interpretations of these data sets. It was determined that the inconsistency was due to the widely
varying wavelength range measured and precision of the data sets and that direct comparison
shows that they all demonstrate substantial and interpretable variation in spectral properties
from site to site on the lunar surface.
c) In the coming year detailed analysis will proceed on the Humorum data set including
comparison of the lunar sample spectral data set of Adams and the continuation of the multidng
basin study sedes of Spudis, Hawke and myself, this time concentrating on Humorum. Analysis
of new data will proceed as it becomes available.
d) Publications resulting: Lucey, P.G., B.R. Hawke, and B.C. Bruno, Preliminary results of
imaging spectroscopy of the Moon, LPSC XXI, pp726-727, 1990; Lucey, P.G., Comparison of
thermal emission spectroscopic measurements of the lunar surface, LPSC XXI,pp 724-725,
1990; Lucey, P.G., Telescopic mid-infrared measurements of the lunar surface; Bull Am
Astron. Soc. 21,3, 970, 1989. Two papers on these topics are in prep for submission to
Proceedings of Lunar and Planetary Science 21.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Michael C. Malin
Department of Geoloqy1 Arizona _te University
Tempe_ AZ 85287-1404 (602) 965-4335. -5081
Co-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE: Planetary Geomorpho]Qqy
ABSTRACT: (Type single-spac_ below line. Lettered paragraphs
(a) through (d) should include: a: briefLstatem=?t_°fh_:f
overall objectives and Justificarlon oz _ne wu_, .....
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a. Objectives: to develop and apply quantitative techniques to the study of planetary
geomorphic processes. Specifically, to continue and expand laboratory measurements
of the thermophysical properties of silicate and ice/silicate mixtures under simulated
martian conditions, to use quantitative analyses of steep, martian hillslopes to examine
the physical properties of martian bedrock, and to examine mechanisms that create and
transport coarse sediments on Mars.
b. _ 1) completed and submitted for publication a study of heavily cratered terrain
in northeastern Arabia, which indicated substantial deposits of semi-indurated, plains-
forming material draped over pre-existing topography that have experienced a diverse
and extensive erosional history; 2) sublimation experiments of bare and dust-covered
ice under simulated martian conditions showed that theoretical models overestimate
sublimation; and 3) preliminary stability analyses of steep martian cliffs suggest
physical properties similar to glacial till (i.e., unsorted debris).
c. This Year: 1) continue laboratory study of ice/silicate mixtures under martian
conditions, and initiate study of multi-component, non-volatile mixtures (dust, sand,
crust, and rock); 2) develop laboratory and numerical basis for examining martian
bedrock properties using slope failure criteria, and apply to Olympus Mons caldera and
walls of Valles Marineris; 3) continue analysis of boulder populations as indicators of
geologic process; and 4) initiate study of martian valley network longitudinal profiles.
d. Summary_ Bibliom'aphy:
McEwen, A. S. and Malin, M. C., 1989, Dynamics of sediment gravity flows: Lahars,
avalanche, pyroclastic flows, and blast surge of Mount St. Helens, J. Volcan.
Geotherm. Res. 37, 205-231.
Malin, M. C., 1989, Rock populations as indicators of geologic processes, in Reports
of the Planetary Geology and Geophysics Program-1988, NASA Tech. Mem. 4130,
363-365
Moore, J. M., 1990, Nature of the mantling deposit in the heavily cratered terrain of
northeastern Arabia, Mars, J. Geophys. Res. (in press).
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Co-INVESTIGATORS:
(Name Only)
Ho-kwang Mao
Conphy_Je_l T.aboratQry
0801 tt?_ qtreet_ N, W.
Washington, D. C. 20008
Russel I J. Hemley
PROPOSAL TITLE: High-Pressure Studies of Planetary Gases & Ices (Third Year)
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a. Objective: We propose a systematic study of the high-pressure properties of planetary
gases and ices to 300 GPa and 77-500 K using recently developed synchrotron x-ray and
spectroscopic techniques and theoretical calculations. The results will be used to constrain
models of outer planets.
b. Progress: We reached the pressure range for metallization of hydrogen (above 150 GPa)
and observed large change in optical properties at visible wavelengths above 200 GPa. By
use of vibrational Raman spectroscopy, we discovered major structural phase transitions
in hydrogen and deuterium beginning at 150 GPa. Low-frequency rotational (librational)
and phonon spectra of solid normal H2 and D2 are consistent with the assignment of the
150 GPa transition being a transition to metallisation by closure of an indirect gap. The
dielectric function for hydrogen, calculated from measurements of the index of refraction
and the dispersion to 160 GPa predicts the onset of visible absorption above 200 GPa and
closure of the direct gap above 250 GPa. Pressure-volume equations of state (EOS) of
planetary gases, ices and minerals, which include H2, D2, He, H20, Ne, Xe, (Mg,Fe)2SiO4,
CaSiO3 and SiO2, were measured at high pressures with synchrotron x-ray diffraction
techniques and calculated from phenomenological models and lattice dynamics.
c. Proposed work for this year: (1) Crystal structure of H2, Dz, and He to an extended
ra.ge of pressures up to 100 GPa and temperatures down to 10 K. (2) Phase transitions
and EOS of planetary gas or ice up to 300 GPa, 77-500 K with synchrotron x-ray
techniques and Raman, fluorescence, absorption, and reflectance spectroscopies. (3}
Theoretical calculations to be tested against the experimental results. (4) Working models
of the interiors of .Jovian planets based on the new results. (5). Extending high-pressure
experimental capabilities.
d. Recent publications: R. J. Hemley and H. K. Mao, Isotope effects in dense solid
hydrogen: Phase transition in deuterium at 190(-4-20) GPa, Phys. Rev. Left.. 63,
1393-1395, 1989; H. K. Mao and R. J. Itemley, Optical studies of hydrogen above 200
gigapascals: Evidence for metalfization by band overlap, Science, 244. 1462-1465. 1989.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR: Dr. Terry Z. Martin
Jet Propulsion Laboratory
Pasadena, CA 91109
(818) 354-2178 (FTS) 792-2178
CO-INVESTIGATORS:
Dr. Ted L. Roush
Dr. James B. Pollack
TITLE: MINERALOGY OF THE MARTIAN SURFACE FROM MARINER 6/7
INFRARED SPECTROMETER DATA
ABSTRACT:
a. Recent work to restore the Mariner 6/7 IR Spectrometer data set has
created an opportunity to expand knowledge of the state of the Mars
surface. It is proposed that these data be analyzed to extract information
about the presence and nature of mineral species, focussing on their
hydration state and the presence of various salts.
b. Progress: during FY 90, the wavelength calibration of the IRS data was
completely redone, using information from inflight spectra of Mars taken
through a polystyrene film and from the locations of Martian CO2 bands.
The response functions of the various wavelength channels of the two
instruments were then rederived, using laboratory blackbody spectra.
c. Specific IRS spectra corresponding to regions of both low and high
albedo will be treated to produce radiance and brightness temperature
spectra, for comparison with lab data and KAO airborne spectra.
d. Summary bibliography: no activity in FY90 to date.
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_P0SAL _
_AL Da_STIG%TC_:
_me, A_c_ss,
CO- INVESTIGtT_KS:
PBCPOSAL TITLE:
Ted A. _.[_Te!l
_N.ASM 3784, Smithsonian Institution
Washinzton, D.C. 20560. (202) 357-]4P4
Thomas R. Watters
PhotoBeolo%ic Investizations of Planetary Tectonic
_eatures
ABSTRACT: (Type single-spaced below line. Lettered paragraphs (a)
(_ should include: a. brief statement of the av_all objectives and
_stificatian of the _rk; b. "new proposal;" c. brief listing of what will
be dZme this year, as wall as how and why; and d. one or two of your recent
publ/cati_ _levant to the _ work.)
(a) This proposal is for renewal of NASA Grant NAGW-129, to
support studies of the origin of tectonic landforms on the
surfaces of the inner planets. This work entails mapping
specific landforms, age-dating exposed surfaces, and developing
models for the origin of surface features.
(b) During the past year, a paper dealing with the extent and
causes for modification of the highland terrain on Mars was
published. Further work detailing the ages of discrete
erosional surfaces in the highlands was initiated.
(c) Continued funding will enable studies of the structural
geology along the Mars cratered terrain boundary by analyzing
the age sequence and distribution of specific landforms, and the
comparison of mapped structures along the boundary with the
tectonic sequence based on models for the formation and
evolution of the boundary. Single and multiple impact
hypotheses will be tested, and relative ages of ridges and
faults will be determined via superposition of datable surface
units. The style of scarp retreat will be studied using erosion
models.
(d) Craddock, R. A. and Maxwell, T.A., Resurfacing of the
martian highlands in the Amenthes and Tyrrhena region. Jour.
Geophys. Res., v. 95, p. 14265-14278 (1990).
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PROPOSA_ SUMIMA/_Y
PRINCIPAL INVESTIGATOR: Thomas B. McCord
(Na_e, Address, Planetary Geoscience$
Telephone Number) 2525 Correa Road, Honolulu_ HI 96822
(808) 948-6488 (after 5/1/90: (808) 956-6488)
Co- INVESTIGATORS :
(Name Only)
PROPOSAL TITLE: Remote Compositional Analysis of Lunar and
Planetary/Surfaces
ABSTRACT.: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a. Continue longterm investigation of the mineralogy of solar system objects to: 1) add
knowledge of the planetary system; 2) develop techniques for remote sensing analysis: 3) train
scientists. This program is essential to support the existing and planned planetary mission_ such as
Galileo, Mars Observer, Mars '94 OMEGA-VIMS and HRSC, CRAF/Cassini, Lunar Observer.
b. During the past year we have analyzed telescopic reflectance data we acquired for Mars. The
major results include the discovery of an absorption band at 4.5 I.tm which we interpret to indicate
SO4 in the Mars surface. Also, we increased our understanding of the nature of the crystalline iron
oxide on Mars. Laboratory data has been greatly increased to support data interpretation. Major
input has been made to the design of the OMEGA-VIMS instrument for Mars study.
c. The main tasks for the coming year are: 1) interpret the past and the upcoming 1990 Mars
opposition telescopic data we are acquiring to determine the type of sulfate and iron oxide minerals
present; 2) continue laboratory study of iron oxides; 3) analyze ISM Mars data in conjunction with
our telescopic and laboratory data; 4) analyze Galileo NIMS and SSI data from the Earth-Moon I
encounter in December 1990.
d. J.F. Bell III, T.M. McCord, and P.D. Owensby, Observational evidence of crystalline iron
oxides on Mars. JGR in press. J.F. Bell, T.B. McCord, and P.G. Lucey, Imaging spectroscopy
of Mars (0.4 - 1.1 l.tm) during the 1988 opposition, Proc. 20th Lunar and Plant. Sci. Conf.,
p479-486, Lunar and Planetary Institute, Houston, 1990. Blaney D.B., and T.B. McCord, An
observational search for carbonates on Mars, J. of Geophys. Res, 94, 10,159-10,166, 1989.
Blaney D.B. and T.B. McCord, Constraints on the climate and weathering histories of Mars from
ground based spectroscopy between 3.2 I.tm and 4.2 p.m. submitted June, 1989 to J. Geophys.
Res. Blaney, D.B. and T.B. McCord, Spectroscopy of Mars between 4.5 Ilm and 5. I [.tm and
indications of suflate minerals, in prep.
93
PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Co-INVESTIGATORS:
(Name Only)
Alfred S. McEwen
2255 N. Gemini Dr., Flagstaff_ AZ 86001
<602) 527-7194_ FTS 765-7194
Laurence A. Soderblom
PROPOSAL TITLE: ThermoDhvsics Qf So
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a. Objectives: Proposed here are one major and two smaller Io projects. The
major project consists of refining analyses of the IRIS data (for hotspot,
passive temperature, and compositional models) through improving the pointing
solutions for the Voyager i scan platform and correlating IRIS data with imaging
data. The smaller projects are surface compositional modeling based on
comparison of Voyager multispectral mosaics with recently acquired laboratory
spectral reflectivities of candidate materials, and geophysical and geological
interpretations of new geodetic and topographic models of Io.
b. Progress: Improvements to camera pointing angles for the complete set of
Voyager i high-resolution (4 km/pixel or better) images of Io have been
completed. Improved pointing solutions have been applied to 32 IRIS observations
(FDSC 16377.46-16382.38); these spectra are being used to produce synthesized
spectra consisting of imaging colors (UV, VI, BL, OR) and IRIS radiometer and
interferometer observations. A note to Icarus and an encyclopedia article are
in press.
c. Work Plan FY91: (i) Continue to improve solutions for IRIS pointing,
concentrating on high-resolution observations (FDSC 16388.48-16393.36). (2)
Produce a high-resolution (~I km/pixel) digital controlled mosaic of the
hemisphere of Io centered on longitude 310 ° (-80 images). (3) Analyze
synthesized spectra from Voyager images and the IRIS interferometer and
radiometer for compositional implications. (4) Use the IRIS radiometer and
interferometer observations for new background and hotspotthermophysical models.
(5) Publish results in one or more papers.
d. Bibliography: (I) McEwen, A., Lunine, J., and Carr. M., 1989, Dynamic
geophysics of Io, NASA SP-494, 11-46. (2) McEwen, A., Lunine, J., 1990, Comment
on "The surface of Io: A new model" by Bruce Hapke, Icarus 84, 268-274. (3)
McEwen, A., 1990, Io: Volcanism and geophysics, in Reference Encyclopedia of
Astronomy and Astrophysics, in press.
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pROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Lucy-Ann McFadden
California _Dace Institute o_-QL_
University of California, San Diego m La ]ol!a, CA 92093
Co-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE: Asteroid Surface oroce_q. =_?_v_mP,_1 qrT1dies of
the Solar Wind on Spectral Reflectance and Optical Properties
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a)This is a three part proposal. In Pan I, we will model the effects of sputtering of solar
wind ions on asteroids. In part IT, we examine the effect of the solar wind on the optical
properties of meteorites to determine whether the solar wind can alter the properties of
ordinary chondrite parent bodies resulting in the spectral properties of S-type asteroids.
Similarly, we will use carbonaceous chondrites to see if simulated solar wind bombardment
produces the spectral features of C and F-type meteorites. In part lII, we will analyze the
existing database of optical properties of asteroids to determine the effect of solar wind in
altering asteroid surface properties. Justifications include: Previous models of the effects of
solar wind on asteroids have not included sputtering. Previous studies of solar wind
bombardment on lunar materials exist and can be built on and expanded. Problems of
laboratory simulation of the solar wind are better known and can be overcome. New
analytical techniques are available for determining the physical and chemical changes due to
solar wind, enabling us to understand the processes producing observed optical changes.
The structure of the solar wind in the asteroid belt is different than that used in simulations
at the Moon. The asteroid database has not been systematically examined since the 1970%.
b) Renewal proposal for work that was awarded funding that was not available.
c) Apply sputtering model to asteroids. Measure the optical properties of three ordinary
chondrite meteorites (an H, L, LL), bombard them with 1-3 KeV protons simulating the
solar wind at doses simulating both ambient solar wind over time, and high velocity, high
density streams. Measure the neutral and ion mass spectrum above the sample, use a
Scanning Electron Microprobe at the surface of the sample before and after bombardment to
document the physical-chemical changesindependently of the optical properties. Measure
the optical properties of the bombarded samples. Compare the results with existing
asteroid optical properties, particularly the S-type asteroids located at the predicted location
of ordinary chondrite parent bodies to eva/uate the valkiity of the current working
assumption used to interpret optical properties of asteroids: that asteroids arc represented by
unaltered, powdered meteoritic material
d.) McFadden, Tholen and Veeder, 1989, The Physical Properties of Aten, Apollo, Amor
Asteroids, Asteroids If, U. of Arizona Press. McFadden L.A. and Vilas, F., (1987). The
3:1 Kirkwood Gap as Sources of Ordinary Chondrites: Perspectives from Spectral
Reflectance, Lunar and Planetary XVIII, 614.-615, 1987.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR: George E. McGil I
(Name, Address,
Telephone Number)
Co-INVESTIGATORS :
(Name Only)
PROPOSAL TITLE:
Department of Geo]oqy and Geography
University of Massachusetts
Amherst, HA 01003 Tel. (413) 545-0140
Planetary tectonics, areal 9eology, and geological history
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
A.
B.
C.
D°
Objectives: To understand the tectonic behavior and evolution of
planetary crusts. Geological mapping and topical studies of
stratigraphy and geomorphology are combined with kinematic analyses
of structures to infer crustal history. When possible, results are
compared with the predictions of published geophysical models.
Accomplishments: Constrained impact model for origin of martian
crustal dichotomy, and reviewed all hypothesis for the dichotomy;
continued study of fracture history along martian dichotomy
boundary; improved image-processing capability.
Anticipated Effort: Revise Jg2 and Jg5; continue studies of
martian northern lowlands and crustal dichotomy boundary; continue
development of PC-based image-processing system.
Summary Bibliography: 3 abstracts, 5 presentations
Dimitriou, A.M., Minimum estimates for volume removal from the
martian fretted terrain between 270°W and 360°W, Lunar Planet.
Sci.XXI, 291-292, 1990.
Dimitriou, A.M., Stratigraphy of the Ismenius Lacus SE
subquadrangle: clues to an upland/lowland boundary forming
event?, Lunar Planet. Sci. XXI, 293-294, 1990.
McGill, G.E., Polygonal terrane of Mars: stresses from drape
folding, Lunar Planet. Sci. XXl, 763-764, 1990.
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1 Proposal Summary
Principal Investigator: Christopher P. McKay
Space Science Division
NASA Ames Research Center
Moffett Field, CA 94035
(415) 604-6864
Co-Investigators: Jeffrey Cuzzi, NASA Ames
Yuri Mekler, Tel Aviv University
Morris Podolak, Tel Aviv University
Dina Prialnik, Tel Aviv University
Abstract: a. Objectives: The objectives of this 1-Year proposal are to begin a joint NASA
Ames/Tel Aviv University study on the thermal processes within comets. During this
initial investigation we propose to focus on the application of numerical models to the
diffusion of volatiles within the nucleus in response to thermal gradients and the resulting
loss of these volatiles from jets at the comet's surface. We feel that we can make significant
advances in these areas using our current numerical comet models as a starting point.
b. Accomplishments: New proposal.
c. First-Year Plans: The numerical model that will be the basis for our work will be that
of Prialnik and Bar-Nun (1987). We will couple the vapor transport equations to the
temperature equation, allowing for realistic transport of volatiles in response to thermal
gradients, and allowing for transport of latent heat resulting from volatile diffusion. We
will also couple the comet nucleus model with a surface thermal model under development
at Ames. With this coupled model we plan to investigate volatile loss from surface jets.
d. Relevant Publications of PI and Co-Is:
McKay, C.P., S.W. Squyres, R.T. Reynolds, (1986) Methods for computing comet core
temperatures. Icarus 66, 625-629.
Mekler, Y., D. Prialnik, and M. Podolak (1990). Evaporation from a porous cometary
nucleus. Astrophys. J., in press.
Podolak, M. and G. Herman (1985). Numerical simulations of comet nuclei II. The effect
of the dust mantle. Icarus 61, 267-277.
Prialnik, D. and A. Bar-Nun (1987). On the evolution and activity of comet nuclei.
Astrophys. J. 313,893-905.
Prialnik, D. and A. Bar-Nun (1988). The formation of a permanent dust mantle and its
effect on cometary activity. Icarus 74,272-283.
Prialnik, D., A. Bar-Nun, and M. Podolak (1987). Radiogenic heating of comets 26A1 and
implications for their time of formation. Astrophys. J. 319, 993-1002.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
CO-INVESTIGATORS:
TITLE: Structure and Evolution
William B. McKinnon
Dept.EarthandPlanetarySci.
WashingtonUniversity
SaintLouis,MO 63130
314-889-5604
None
of Outer Planet Satellites, NAGW-432
ABSTRACT:(Typesingle-spacedwithinboxbelow.Paragraphs numbered (a) through (d) should include:
a. brief statement of the overall objectives and justification of the work; b. brief statement of the
accomplishments of the prior year, or "new proposal;" c. brief listing of what will be done this year, as well
as how and why; and d. one or two of your recent publications relevant to the proposed work.)
a) Objectives and Justification: the purpose of this work is to explore the origin, structure,
evolution, and bombardment of outer planet satellites (and Pluto). This includes understanding the
relative importance of large impacts, orbital dynamics, and internal processes for tectonics and other
surface modifications (with implications for interior properties), the origin and evolution of
impactor populations (relevant to accretion time scales and the interplanetary correlation of geologic
time), and cratering mechanics in icy targets (morphology, phase changes, jetting, spallation, etc.).
b) Accomplishments: modeled Neptune's possible gas drag capture of Triton, including solar
perturbations which greatly extend Triton's orbital lifetime against gas drag; modeled the coupled
tidal heating and orbital evolution of an initially eccentric Triton (as in a capture scenario), showing
that a largely molten Triton evolves relatively slowly and may stay hot (molten) beyond the end of
heavy bombardment; successfully predicted Triton's density, assuming a capture origin and an
analogy with Pluto/Charon; examined the angular momentum budget for Pluto/Charon, finding that
a large collision is required and that an upper limit to Charon's density can be set; calculated the
conditions necessary for jetting to occur during the impact of water-ice bodies, and applied these to
Pluto's formation; synthesized aspects of crater formation on the Uranian satellites; synthesized
models for the albedo evolution of icy satellites, and applied these to dark-ray craters on Ganymede.
c) To be done this year: further explore consequences of capture and alternative origins for
Triton; constrain the relative roles of asynchronous rotation and polar wander in producing
Europa's tectonics; calculate the tectonic responses of non-uniform shells (as may apply to
Europa); further constrain relationships between impactor populations in solar system using spatial
statistics of Callistoan craters; complete analysis of lineament patterns on Saturnian and Uranian
satellites, and viscous relaxation on Ariel; analytically model aspects of formation of the Galileo-
Marius Regio furrow system and Ithaca Chasma, Tethys; constrain Ganymede, Callisto and Tethys
heat flow; complete study of Mercurian crater terrace widths, Mercurian and lunar ejecta blankets,
and simple-to-complex crater model; revise Ganymede map.
d) Publications: Schenk, P.M. and W.B. McKinnon, 1989. Fault offsets and lateral crustal
movement on Europa: Evidence for a mobile ice shell. Icarus 79, 75-100; McKinnon, W.B., and
S. Mueller, 1989. The density of Triton: A prediction. Geophys. Res. Lett. 16, 591-594;
McKinnon, W.B, 1989. On the origin of the Pluto-Charon binary. Astrophys. J. (Lett.) 344,
L41-L44; McKinnon, W.B., 1989. Impact jetting of water ice, with application to the accretion of
icy planetesimals and Pluto. Geophys. Res. Lett. 16, 1237-1240; McKinnon, W.B, C.R.
Chapman, and K.R. Housen, 1990. Cratering of the Uranian satellites. In Uranus, J. Bergstralh,
E.T. Miner, and M.S. Matthews, eds. (Tucson, Univ. of Arizona Press), in press; De Hon, R.A.,
A.C. Leith, and W.B. McKinnon, 1990. Geologic map of the Hathor Quadrangle of Ganymede.
USGS Misc. Inv. Map., in revision; McKinnon, W.B., and A.C. Leith, 1990. Gas drag and the
evolution of a captured Triton. Icarus, in revision; Schenk, P.M., and W.B. McKinnon, 1990.
Dark ray and dark floor craters on Ganymede, and the provenance of large impactors in the Jovian
system. Icaru$, revised.
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(a) This proposal consists of a number of related tasks that have in common the theoretical study of
planetary evolution and surface processes. Using continuum mechanical models we can study the origin of
the moon, impact evolution of atmospheres, fragmentation of objects in the asteroid belt, and various
tectonic processes. Most of this work is heavily computer based and uses a number of hydrocodes,
fragmentation algorithms, and a finite element code.
(b) In the past year we addressed the implications of a giant impact for the thermal state of the early earth.
An analytic model for atmospheric erosion was constructed that indicates that a substantial fraction of Mars'
primitive atmosphere could have been ejected by impacts during late heavy bombardment, in agreement
with the geologic evidence for an early wet era. The atmospheric erosion studies were applied to the
Cretaceous/Tertiary impact on Eart:l, and a new theory that explains the global ignition of forest f'u'eswas
published. A fragmentation algorithm for simulating the breakup of asteroids by impact was successfully
tested against data from laboratory-scale impacts. A finite element model of the viscous relaxation of
craters on Ganymede was constructed and showed that, contrary to analyses based on purely viscous mc_.d.:ls,
the measured rheology of cold ice is in good agreement with the observations of craters. Tectonic models of
the effects of loads on one-plate planets showed that there are two basic tectonic responses to loads, a small-
planet (shell) response and a large-planet (plate) response. The implications of these models for the Tharsis
rise on Mars were deduced. Graben mechanics was elucidated with an energy-based failure criterion. Finite
element models for corona formation on Venus showed that the coronae may be simply isostatically relaxed
former volcanic centers. Our models successfully reproduce the detailed topographic forms observed on
Venus.
(c) Next year's work will be principally concerned with analysis of the 3-D numerical models we have (and
will) run at Sandia. Other tasks include further numerical study of the impact evolution of planetary
atmospheres, testing of the 2-D fragmentation algorithm by comparison with the existing suite of
laboratory data, and a computer study of the morphology of craters formed in a Bingham medium.
(d) H. J. Melosh and D. M. Janes, Science 245, 195-196 (1989), H. J. Melosh, in Origin of the Earth,
Oxford, in press, V. J. Hillgren and H. J. Melosh, GRL 16, 1339-1342 (1989), H. J. Melosh and A. M.
Vickery, Nature 338, 487-489 (1989), H. J. Melosh and C. A. Williams, JGR 94, 13361-13,973 (1989),
H. J. Melosh, N. M. Schneider, K. J. Zahnle, and D. Latham, Nature 343 251-254 (1990).
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PROPOSAL TITLE : Planetary Gamma-ray Spectroscopy
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
Gamma-ray spectroscopy is capable of measuring the surface composition
of planets, asteroids, quiet comets, and satellites, yielding results
relevant to the origin, history and present state of the body. Gamma-
ray spectrometer (GRS) experiments are currently under development for
Mars Observer, planned for CRAF, and under consideration for Lunar
Observer and subsequent missions. Science studies are required to
optimize instrument design and fully interpret flight data.
Efforts to date have consisted of i) developing the techniques with
which a GRS can monitor atmospheric thickness and surface pressure at
Mars by three different methods, 2) addressing issues of carbon in the
regolith, of stratigraphy, and of atmospheric fractionation via the GRS
at Mars, 3) analyzing the ability of the GRS neutron and gamma-ray
modes to detect the possible presence of frozen H20 at the lunar poles,
and the ability to uniquely identify lunar rock types, 4) the first
quantitative analysis of neutron-gamma-ray mode coupling, and 5) an
analysis of laboratory data on the response of passive and active
neutron modes.
In the coming year we plan to i) model the potential GRS capability for
measuring polar cap composition and seasonal cycling at Mars, 2)
analyze the ability of the GRS to derive stratigraphic information, 3)
document the analysis of thick target data, and 4) resume development
of the deconvolution technique for increasing GRS spatial resolution
from orbit
Recent publications: Metzger and Drake, "Identification of Lunar Rock
Types and Search for Polar Ice by Gamma Ray Spectroscopy," JGR 95, 449-
460 (1990); 2) Metzger and Haines, "Atmospheric Measurements at Mars
via Gamma-ray Spectroscopy," to appear in special JGR Fourth
Internationl. Conf. on Mars issue.
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
PROPOSAL SUMMARY
Henry J. Moore MS-946, U.S. Geological Survey
345 Middlefield Road, Menlo Park, CA 94025
(415) 329-5175 FTS 459-5175
NoneCO-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE: GOLDSTONE 1986-88 RADAR OF MARS
ABSTRACT: Type single-spaced below line. Lettered paragraphs (a) through (d)
should included: a. brief statement of the overall objectives and
justification for the work; b. brief statement of the accomplishments of the
prior year, or "new proposal;" c. brief listing of what will be done this
year, as well as how and why; and d. one or two of your recent publications
relevant to the proposed work.)
A. OBJECTIVES AND JUSTIFICATION: To continue to examine the 1986-1988
Goldstone (CW dual-polarization) radar observations of Mars at 3.5- and
12.6-cm wavelengths. There are six objectives: (i) to correlate the radar
data with the geology interpreted by using high-resolution Viking orbiter
images, (2) to interpret the diffuse echoes in terms of geologic conditions,
(3) to provide information on potential landing sites, (4) to compare
reflectivities and surface roughnesses at two wavelengths, (5) to confirm
results from previous radar experiments, (6) to obtain probability density
distributions of quasi-specular and diffuse echo reflectivities and
quasi-specular echo surface-roughness estimates. The results will be
published on a timely basis.
B. PROGRESS: We have developed a model for 12.6-cm radar echoes from Mars
that accounts for polarized and depolarized total cross sections (and their
ratios) as a function of longitude along 7°S and 22°N and that broadly matches
the observed echo spectra (and their ratios).
C. WORK PLAN FY 91: We plan to continue to examine the 1986 Goldstone radar
observations and model the 1988 observations. Of particular importance is our
plan tO reexamine the procedures used to separate the quasi-specular and
polarized-diffuse echoes and the Hagfors scattering law.
D. PUBLICATIONS.
Moore, H. J. and Jakosky, B. M., 1989, Icarus, v. 81, p. 164-184.
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"GEOMORPHIC ANALYSIS OF HIGH RESOLUTION
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ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
A) Objectives: To further investigate the small-scale (sub-kilometer) geomorpholog7 of the
surface of Mars, Venus and the Moon in order to constrain the geologic processes responsible for
the emplacement of ejecta around impact craters on Mars and the Moon, the possible geomorphic
influence of martian ground-ice, and the morphologic characteristics of flows around volcanoes on
Venus. Data sets to be used in these analyses include digital and high-resolution Viking Orbiter
images for the analysis of the martian land.forms, the new high-resolution lunar radar data of Zisk
(3.0 cm wavelength; 15-30 m resolution) for the study of lunar craters, and the 1988
dual-polarization Arecibo radar images for the analysis of volcanic landforms on Venus.
B ) rPd.9.gr.g_: 1) An analysis of high resolution Viking images for the Tharsis area revealed
numerous very young small water channels that post-date the most recent lava flows in this area A
paper describing these results is currently in press in Icarus. 2) Lunar dual-polarization radar data
for ray systems around Bessel and Copernicus Craters have been studied in collaboration with Dr.
Stan Zisk (Univ. Hawaii) and presented as a poster at LPSC XXI. 3) Depth/diameter
measurements for 62 fresh impact craters in Hesperia Planum, Mars have been made using PICS
software, and a poster describing these results was presented at Fall AGU 1989. 4) New
polarimetric radar data for the Eisila Regio region of Venus have been reduced in collaboration with
Don Campbell (ComeR), and preliminary results of a geologic analysis of flows around the two
large volcanoes, Sif and Gula Montes, have been presented at LPSC XXI.
C) 1_/ork Plan (Ye_,r 3): Task #1: Continue the analysis of impact crater morphometry in
Hesperia Planum, Mars, using digital Viking images and PICS software. Enlarge the existing data
base of 62 craters to investigate local variations in crater depth/diameter ratio and the possible
effects of sub-surface volatiles on crater geometry. Task #2: Lunar radar images will be used to
map the distribution of secondary craters and possible primary material as a function of distance
from parent crater. Stokes vector information will also be used to analyze the polarization behavior
of the target surfaces at very high spatial resolution. Task #3: The 1988 Arecibo dual-polarization
radar images will be used to map the distribution, morphology and dielectric properties of volcanic
deposits in western Eisila Regio, Venus. These results will also be compared with topographic and
gravity data for the area derived from the Pioneer Venus measurements.
D) References: 1) Mouginis-Mark, P.L (1990). Recent water release in the Tharsis region of
Mars. Ica_s, in press. 2) Campbell, B.A., Hawke, B.R., Bell, J.F., and Zisk, S.H. (1989). The
Bessel ray region: Preliminary analysis of remote sensing data. LPSC XX, 139 - 140. 3)
Campbell, B.A. and Campbell, D.B. (1990). Volcanic deposits in western Eisila Regio:
Preliminary results of radar polarization studies. LPSQ XXI, 157 - 158. 4) Hayashi-Smith, J.
and Mouginis-Mark, P.J. (1990). Morphometry of fresh impact craters in Hesperia Planum, Mars,
Lunar Planetary Science Conference XXI, 475 - 476.
102
PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Bruce Murray
Caltech, Mail Stop
Pasadena, CA 91125
170-25
(818) 356-6780
Co-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE: the Current Water Cycle
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ABSTRACT: (Type single-spaced below line.
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.}
We propose to conduct a study of the small-scale surface processes
controlling the current water cycle on Mars. Our focus is on water sources and
sinks and an experimental verification of proposed hypotheses by the 1990s
missions to Mars. This includes water frost occurrence, morphology, and timing.
The following specific tasks are described in this proposal:
The surface frost sublimation in a radiation dominated environment, such
as Martian polar frost, inherently tends to develop substantial surface relief. This
is crucial for our attempts to understand the remote sensing observation of
Martian polar caps. During the two past years we have conducted an
investigation of this phenomenon including the exploratory field work in
Antarctica, We propose to create a comprehensive model of evolution of surface
frost in Mars-like conditions, particularly stressing the experimental validation.
The exchange of water vapor between atmosphere and surface is
controlled by the permeability of regolith which depends on grain size distribution.
We have developed a technique of constraining this distribution using
observations of a Phobos shadow cast on surface of Mars. These data were
taken by the Termoskan instrument during the Phobos '88 mission. We plan to
use the completePhobos data set for this analysis and to propose further tests
by upcoming missions.
A useful tool for understanding the water sources and sinks is a
comparison of observations taken by the Viking MAWD, IRTM, and imaging
experiments. Our preliminary investigation concentrated on two particular areas
of interest: an edge of retreating seasonal frost at the North, and the Memnonia
region where early morning fogs were observed. We propose to continue this
work with the complete available data set, (Only a small fraction of relevant
Viking observations has been analyzed so far).
Finally, we are convinced that the field investigation of solid/vapor water
exchange in Antarctica must be a part of any future Mars surface exploration of
the water cycle. We have performed the preliminary field testing in Antarctica of
the Vaissala humidity sensor being proposed for the Mars '94 mission. A
comprehensive set of Antarctic experiments simulating proposed Mars surface
instrumentation is very desirable. We plan to outline the requirements for such
testing within the research effort proposed here.
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PROPOSAL TITLE: SURFACE PROPERTIES OF PLANETARY BODIES
OBJECTIVES: Study spectral reflectance, surface composition,
charged-particle and UV irradiation effects, and electrodynamic
surface properties of planetary satellites and especially Io and
the Moon. Conduct key experiments and use lab and thermodynamic
data to interpret spacecraft and groundbased observational data,
and derive improved composition and surface process models for
these satellites and other planetary bodies.
PROGRESS: Carried out infrared reflectance study (with J.
Salisbury) of plagioclase feldspars and glass equivalents; found
that vitrification does not effect diagnostic value of
Christiansen Frequency band for powdered feldspar and thus, in
emission spectra of particulate materials, it is an important
indicator of silicate composition for impact regoliths such as on
the Moon. Continued experimental study of vacuum-weathered
sulfur (with J. Gooding); found more calorimetric evidence that
vacuum-weathered sulfur contains polymeric sulfur. Completed
lab study (with J. Moses) of time-dependent spectral properties
of frozen sulfur; deduced physics of spectral aging process
associated with solid-state phase changes; results indicate that
metastable sulfur phases on Io's surface may be short- or long-
lived depending on their thermal history. Wrote review paper on
spectral properties of planetary ices for book chapter (with S.
Gaffey and L. McFadden). Continued work on detailed quantitative
theoretical model on vacuum weathering (with S. Baloga)
PROPOSED WORK (for FY 91): (I) Continue lab work on infrared
spectra (2.2-22 _m) of silicate minerals and rocks with
applications to Moon, Mars, and asteroids (with J. Salisbury).
(2) Continue lab study of vacuum weathering effects on physical
properties and spectra of sulfur with applications to Io (with J.
Moses). (3) Continue study of thermodynamic properties of
vacuum-mature sulfur phases (with J. Gooding). (4) Resume work
on lab spectra of H2S/SO 2 mixtures, and experimental modeling of
H2S physics on Io's surface.
BIBLIOGRAPHY: Nash and Salisbury (1990), Infrared reflectance
spectra of plagioclase feldspars, LUN. PLAN. SCI. 21, 845-846.
Moses and Nash (1990), Phase transformations and the spectral
reflectance of solid sulfur: can metastable sulfur allotropes
exist on Io?, ICARUS (submitted). Gooding and Nash (1990),
Sulfur on Io: Calorimetric analyses of laboratory analogs, in
Reports of the Planetary Geology and Geophysics Program-1989.
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PROPOSAL TITLE: Properties of Planetary Fluids at Hiqh Pressure
and Temperatures
ABSTRACT: (Type single-spaced below line. l_ttered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done t_his year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
(a) Objectives: The goals are measurements of equation-of-state (EOS), electrical-
conductivity and shock-temperature data of fluids thought to exist in the interiors of
the giant planets. Conductivity data is needed for dynamic or kinematic calculations
of the magnetic fields of Uranus, Neptune, Jupiter, and Saturn. Shock-wave EOS
and shock-temperature data are needed to validate theoretical EOS and for analyzing
electrical conductivity data. Fluids of particular interest are H2 and "synthetic
Uranus."
Co) Progress: New Proposal. In FY90 Double-shock EOS data points of synthetic
Uranus were measured in the range 0.98 - 2.2 Mbar. The maximum density
achieved is 3g/cm3, which corresponds to a depth of about one-half the radius of
Uranus. A double-shock temperature point was also measured for synthetic
Uranus. The first measurement of the electrical conductivity of shocked liquid
hydrogen was performed.
(c) Work Statement: We will complete measurements of the electrical
conductivity and shock temperature of liquid hydrogen. The purpose is to obtain a
scaling relation for the conductivity of molecular hydrogen for modeling the
magnetic fields of the giant planets.
(d) Publications: W. J. NeIlis and A. Co Mitchell, "Equation-of-State Data of
"Synthetic Uranus," 1989 (to be published in proceedings of Twelfth AIRAPT
International High Pressure Conference, Paderborn, West Germany, July, 1989).
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PROPOSAL TITLE: Dynamical Studies of Planetary Rings
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statuent of the
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(a) Objectives: To characterize the dynamical processes which control the structure
and evolution of planetary ring systems, and the physical properties of the particles
which comprise them.
(b) Progress: (1) Successfully observed the occultation of 28 Sgr by Saturn's rings on
3 July 1989; data reduction in progress. (2) Completed a re-analysis of the radio and
stellar occultation data for Saturn's rings, to re-determine the planet's pole direction
and thus the absolute radius scale of the rings; results checked against theoretical
density wave locations to 4- 2 km. (3) Combined earth-based occultation observations
of Neptune's ring arcs with Voyager imaging and occultation observations; at least 3
observations of 1989N1R identified, and used to refine the orbital mean motion and
semi-major axis of the arcs. (4) Observing time allocated at Palomar for near-IR
imaging studies of the inner satellites of Saturn, Uranus and Neptune in July 1990.
(5) Completed a theoretical study of probable scenarios for Triton's tidal evolution
history. (6) Extended Showalter and Nicholson model for occultation statistics to
include effects of diffracted light; revised paper on Saturn PPS data submitted. (7)
Completed analysis of Voyager images of the Keeler Gap in Saturn's A Ring, in a
study of its width variations.
(c) Proposed work: (1) Complete reduction of 28 Sgr data; refine kinematical models
of variable features and model centimeter size particle distribution. (2) Re-examine
all our earth-based Neptune occultation data, using the Voyager pole, to set limits
on non-arc regions of the rings. (3) Reduce near-IR imaging data for small satellites,
and refine the dynamical model of the Saturn coorbital satellites.
(d) Bibliography: Chyba, Jankowski and Nicholson (1989), Astron.& Astrophys. 219,
L23-26; Lissauer and Nicholson (1990), Adv. Sp. Res. 10 (1) 231-237; Nicholson,
Cooke, Matthews, Elias and Gilmore (1990), Icarus (in press). 4 additional papers
published, plus 4 conference abstracts.
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PROPOSAL TITLE: Mantle Plume Dynamics in the Terrestrial Planets
ABSTRACT: (Type single--spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a. Objectives: This proposal is a request for continued support for an ongoing
investigation into the mechanics of transsolidus plumes in the mantles of Earth
and Venus. Thermal plumes are considered to be the cause of volcanic hotspots on
Earth and have been proposed as the cause of volcanic highlands on Venus. Since
all of the evidence for mantle plumes is indirect, dynamically-based fluid
mechanical models are required to interpret this evidence. The objective of this
research is to construct fluid mechanical models of thermal plumes with partial
melting, and apply these models to hotspot style volcanism on Earth and Venus.
b. Accomplishments: In the past year we have constructed three different models of
thermal plume interaction with lithosphere. In order of increasing complexity,
these are: (I) A one-dimensional steady-state analytical model of basaltic crust
formation above a partially molten thermal plume. The model has been applied to
The problem of heat loss and highland formation on Venus. (2) A two-dimensional
(vertically-integrated) model of plume refraction beneath a moving lithospheric
plate. This model will be used to understand the dynamics of hotspot tracks on
Earth. (3) A two-dimensional (axisymmecric) model of diapir intrusion into the
lithosphere, with decompression partial melting. This will be applied to the
Venusian highlands and to the problem of flood basalt eruptions on Earth.
c. Proposed Research: In the coming year we propose to apply the second and third of
these models to hotspot uplift and volcanism on Venus and on Earth. Specifically,
we intend to: (1) model the topography, and gravity (geoid) and magma production
due to intrusion of a transsolidus diapir intruding stationary lithosphere in
order to constrain the origin of Venusian volcanic highlands and continental flood
basalt provinces on Earth, and (2) model the topography and stress field along
hotspot tracks produced by relative motion between a stationary mantle plume and
moving lithosphere.
Relevant Publications: (1) Olson, P., Hotspots, swells and mantle plumes, in Magma
Storage and Transport, M. Ryan, ed., John Wiley and Sons, NY, 1990 (in press).
(2) Olson, P., P. G. Silver, and R. W. Carlson, The large-scale structure of
convection in the Earth's mantle, Nature, 34&, 209-215, 1990.
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cations relevan_ to the proposed work. )
e. The _ve abe, chemical compmi_o--, sad minereJ_giel of volatile-bearint com-
pounck (e.g. carbomstm, sulfate, hydrate, and nitrates) provide important information regarding
the evolutionary _ of the martian surfac_ and atmosphere. Until samples are returned from
char_terized mitre on Marl, remote _inS o_ will provide the only means of obtain-
ing information resardins the surface and atmospheric constituents of Mars. Several absorpt/on
fea_urm present in rec,_ thermal infrared obmrvatiou of Mars indicate the presence of hyclraCm
preee._ on tim martian surface, and COs- and S04-beazing materiak within the dust muq_mded in
the _ atmmphere. The pmi_on of these feature_ indicate that the COs and S04 is located
in _ cryst_l_Kraphic sites. Quantitative moddlin& of these data currently rely upon optical
co_ts of =dcita and snhydrite, neither of which exemplify minerak with distorted sites. The
&rodof the propom_ reusrch is to derive the _ (2.5-25#m) optical constant8 for more per-
tinent vola_ile-bearin_ _ak. Theu znat_ak include : l)hydrous and sahydroua carbo_;
g)hydrous and anhydxou _; 3)hy_ sad/or hydroxylaced sili_; and 4)hydrmm sad
anhydrous nitratm.
b. New Propomd
c. Durks tlw firU ym_r car_ and _ whom infrared trusm/miouspectra =e cons/stm_
with _ _ i=rxax_ m,.B_ of M_=, will b4 scqu/md, _y and mt,xacC.ndl]r
d0_'ac_dm_, tla&r .ux,..on._ re_c_i_y .m.mm¢l, and tl._r optical co._t_ d_ri_L
d. Rouah, T.L., J.B. Pollack, C. Stoker, F. Witteborn, J. Bresmau, D. Wooden, and D. Rank
co's-...dsoZ --amz nsw comphx, stmmph.,ic
_te_ at tlta 4 _ l_r_t_ Oo=[ere_tee _.t M_em, T_on, AZ, Janus_ 1989.
Romh, T.I.J.B. Pollack, C. Stoker, F. Witteborn, J. Bresman, D. Wooden, and D. Rank COss--
and SO_-.Bem:m_ aaioaic complexm detected ha martian _h_i_ dust, _,,,,_ u_ PLm_tary
$c_,_czCos[¢,_s_ X_', Lunar aud Planec_y Institute, Hou_on, T_ 928-929.
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pROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR: Steven J. Ostro
300-233
Jet Propulsion Laboratory
Pasadena, CA 91109
(818) 354-3173
TITLE: ASTEROID LIGHTCURVE INVERSION
ABSTRACT
' : Theoretical development, calibration, and application of
techniques that optimize extraction of information from optical/IR/radar
observations of solid-surfaced planetary bodies. Each technique uses some
measurement available as a function of an object's rotation phase, and inverts
the data to obtain some constraint that characterizes the object's shape and/or
albedo distribution. In each case, the constraint's dimension exceeds the
measurement's intrinsic dimension by one.
_____: (I) The Shape of Eros. The convex hull of 433 Eros' pole-on
silhouette, estimated from radar echo spectra obtained in 1975, is found to be
shaped like a rounded trapezoid whose long and short bases faced Earth during
epochs of primary and secondary maxima, respectively, in January 1975 optical
lightcurves. The hull's non-axisymmetric shape helps to explain odd harmonics
in Eros' echo spectral signature as a function of rotational phase. Convex-
profile inversion of a 1975 optical lightcurve yields an estimate of Eros' mean
cross section, whose elongation resembles that of Eros' hull.
(2) Doppler-Radar Imaging of Spheres. A new approach to making radar
reflectivity maps of spherical planetary objects uses echo spectra acquired as a
function of rotation phase and at arbitrary subradar latitudes. The target's
reflectivity distribution is expanded in a spherical harmonic series and the
distribution of echo power in phase and frequency is obtained as a linear,
analytic function of the series coefficients. To estimate the coefficients from
an observed phase=doppler distribution, the inversion is cast as a least-squares
problem and solved using singular value decomposition. The result is a linear
imaging system whose fidelity can easily be explored with simulations.
C. Proposed Work: (I) Use convex-profile inversion to estimate the mean cross
sections of selected mainbelt and near-Earth asteroids, including the "double"
object 1989 PB. (2) Develop procedures for inverting delay-doppler radar images
of small bodies to estimate their three-dimensional shapes; if successful, apply
the procedures to images available for 1989 PB. (3) Apply the recently
developed doppler-imaging methodology to existing radar datasets to make radar
maps of Mars, Callisto, and Ganymede.
D- Recent Publications: (i) Ostro, S. J., K. D. Rosema, R. F. Jurgens 1990.
The shape of Eros. Icarus, in press. (2) Hudson, R. S., and S. J. Ostro 1990.
Doppler-Radar Imaging of Spherical Planetary Surfaces. J. Geophys. Res., in
press.
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PROPOSAL TITLE:
Mars Polar Surface and Subsurface Properties
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
(a) The question of whether or not subsurface ice deposits are widespread on Mars is
fundamental to our understanding of the planet, and of potential importance for
human exploration. Unfortunately, much of the present evidence for subsurface
ice on Mars is inferential and not uneontroversial.
Our study will take a new approach to the Mars permafrost problem. Its ini-
tim goal will be to map the surface and subsurface thermal properties of Mars at
high latitudes using Viking Infrared Thermal Mapper (IRTM) data in conjunc-
tion with diurnal and seasonal thermal models. A preliminary analysis indicates
that subsurface ice may be present at +75 ° latitude. A more global study may
provide a quantitative picture of the present distribution of permafrost in both
hemispheres. The results of this work will have important implications for under-
standing the initial volatile inventory, atmospheric evolution, geology and climate
of Mars.
(b) Although we have not yet received any new funding since our original proposal
was written last year, we have nonetheless made progress towards our objectives.
First, we have used IRTM north polar observations obtained during the summer
season to create a series of broad-band albedo maps of the north polar region
of Mars. Second, we have used a series of thermal model calculations to predict
the present distribution of permafrost with latitude and depth, and investigate
its sensitivity to geographic variations in the thermophysical properties of the
Martian soil.
(c) This year, we plan to complete our north polar thermal mapping and permafrost
modeling studies, and publish the results. Our examination of the available
IRTM observations indicates that it will be possible for us to produce a thermal
inertia map and surface albedo map of the north polar region of Mars with a
spatial resolution of 1/2 degree of latitude. These maps should be valuable for
a wide range of Mars geology and Mars volatile studies.
(d) Paige, D. A., Herkenhoff, K. E. and Murray, B. C., "Mariner 9 Observations of
the South Polar Cap of Mars: Evidence for Residual CO2 Frost" J. Geophys.
Res. 95, 1319 (1990).
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PROPOSAL TITLE: Planetary Geophysics and Tectonics
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this _aar, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
Abstract
Research funded by gant NAGW-1928 (formerly NSG-7605), completed during
the funding period 10/1/89-9/30/90 has focussed _mthe following three areas. (a) We have
comolete/a paper that predicts a relationship between the wavelen_h, which couldbe
exoresse/as either the width or spacing of tectonic features, and surface elevation (1).
"Vnis is a consequence of the dependence of both the density and strength stratification,
which control the isostatic elevation and dominant wavelengths, respectively, on
temperature, distribution and crustal thickness. There is a preliminary suggestion that the
type of correlation that we predicted can be observed on Venus. (b) We have also
complete/a paper that formulates a t-mite amplitude necking model for the evolution of a
rift zone that forms by faulting (2). This model illustrates two important aspects of rift
evolution that previous models do not explain: the narrowing of a rift and the finite strain
that accumulates as extension proceeds. This explains important aspects of terrestrial rift
zones and the Beta Regio rift on Venus. (c) We have also completed a paper that examines
surface top%._z'aphy and deformation due to convection beneath a ductile crust and consider
the implications for the origin of Venusian highlands. The basic point of the analysis is to
ar_e that, in the terrestrial continents with a thick ganitic crust and on Venus where the
surface temperature is high, the lower-crust can flow in response to forces exerted on it
from a convecting mantle beneath.
As proposed last year (4/1/90), we are undertaking three new studies. (a) To
understand the formation of rifts, it is necessary to consider how a rift develops along
strike. This along strike development can be envisioned as the propagation of a crack into
an elastic plate. We propose to continue our studies of rift propagation by _-eating the rift
(crack) as a region of finite amplitude necking. We will also study the re: of buoyancy
forces in driving rift propagation. (b) We also propose to study the role of compositional
buoyancy due to partial melting and melt extraction in the structure and evolution of mantle
plumes. Dynamical behavior resulting from the combined effects of thermal and
compositional buoyancy (3) could have important implications for the formation and
evolution of swells on Venus, Mars, and the Earth. (c) Finally we have made substantial
pro m-ess on studying the initiation of subduction which is necessary for plate tectonics.
References: (1) Zuber and Parmentier, On the relationship between isostatic
elevation and the wavelengths of tectonic surface features on Venus, Icarus, in press 1990.
(2) Lin and Parmentier, A t-mite amplitude necking model for the formation and evolution
of rift zones in a brittle lithosphere, J. Geophys. Res., in press, 1990 (3) Sot'in and
Parrnender, Dynamical consequences of thermal and compositional density stratification
beneath spreading centers, Geophys. Res. Lett 16, 835-838, 1989.
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PROPOSAL TITLE: SOLAR SYSTEM PHYSICS
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a. Overall objectives are to understand the dynamical evolution of solar system configurations
leading to constraints on their histories, infer the origin of various resonance configurations, constrain
poperties of planetary interiors and develop techniques in dynamnics which aid in this understanding.
Constraints on the structure and evolution of the preplanetary nebula and the formation of planets are
also sought.
b. Progress: The papers "On the density of Halley's comet" and "Some unsolved problems in
evolutionary dynamics in the solar system" have been published in Icarus and Celestial Mechanics
respectively. A model of confinement of arc rings has been developed based on the ring particles being
in a corotational, eccentricity-type orbital resonance with a small satellite. The libration zones of such
sonances are characterized by distinct regions of quasiperiodic and chaotic motion, which constrain the
_mplitude of libration and hence the angular size of the confined arc on one hand and allow leakage from
the confined longitudes on the other. Alas, Neptune's arcs are apparently not in any orbital resonance. A
chapter "Rotation properties of planetary satellites" has been submitted to The Reference Encyclopedia
of Astronomy and Astrophysics to be published in 1990. A revised and probably final form of the
manuscript "Accretion rates of protoplanets" has been submitted to Icarus. A normal distribution of
orbital parameters of planetesimals in the primordial nebula has been shown to lead to higher accretion
rates for protoplanets than obtained in the submitted paper. In addition, it appears possible to constrain
the rotational properties of the protoplanets from the statistics of accretion. Work has begun on the
history of the Titan-Hyperion orbital resonance, but progress is so far limited to the development of
numerical algorithms for following the evolution and calculating surfaces of section using a Hamiltonian
expanded to second order in the eccentricities of both orbits. A prelimi _ry result is the limitation of
quasiperiodic libration to amplitudes less than that allowed in the first order model of the resonance
because of chaotic motion.
c. Proposed work: (For more than one year) We are waiting for the release of the precise orbital
characteristics of the newly discovered Neptune satellites to investigate tile detailed resonance struc-
ture near the orbit of the arc rings. Some modification of the gravitational confinement mechanism
developed last summer may still be viable. Remaining works described in the original proposal include
the possibility of disrupting a primordial 2/1 Ariet/Umbriel orbital resonance, effects of gas drag on
planetary accretion, inconsistancies between theory and observation for the Galilean satellite system,
evolution of the Titan-Hyperion orbital resonance, effect of nebular dissipation on the amplitude of li-
bration of the Trojan asteroids. An additional work to be completed by my student, Yuvai Greenzweig,
concerns the dependence of the accretion rate of protoplanets on the distribution of orbital elements of
the planetesimals and the resulting rotation states.
d. Recent publications: Peale, S. J., and J. J. Lissauer (1989) The rotation of Halley's comet, Icarus
79,396-430. Peale, S. J. (1989) On the density of Halley's comet, Icarus 82, 36-49. Peale, S. J. (1989)
An analysis of Arc Ring Dynamics (Abst), Bull. Amer. Astron, Soc. 21. Peale, S. J. (1989)Some
unsolved problems..., Celest. Mech. 46, 253-275.
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PROPOSAL TITLE: Planetary Interior Modeling and Tectonic Implications
ABSTRACT:
a. Objective: Gain an improved understanding of the relationship between the thermal
evolution and the tectonic evolution of terrestrial planetary bodies. Specific objectives
include analysis and Interpretation of Venusian gravity data and tectonic models for
Venus with an emphasis on (i) quantitative models for the formation of Ishtar Terra, (ii)
origin of horizontal forces in the Venusian lithosphere, and (iii) generation of basaltic
crust on Venus.
b. Progress: 1) Completed work on the initiation of subduction. 2) Completed work on
modeling and interpretation of Bell Regio, Leda Planitia, and Tellus Regio gravity
anomalies. 3) Completed work on end-member models of Ishtar Terra. 4) Completed
preliminary global analysis of geoid-to-topography ratios of specific topographic fea-
tures. 5) Completed preliminary analysis of the separation of crustal and mantle
sources of Venusian gravity anomalies. 6) Completed preliminary work on the genera-
tion of basaltic crust on Venus.
c. Proposed Work:. 1) Test Ishtar Terra hypotheses with finite element thin viscous
sheet model. 2) Complete analysis of basaltic crust generation on Venus. 3) Develop a
formalism to invert crater size-frequency distributions for the "obliteration histories"of
planetary surfaces. 4) Test models for the origin of horizontal forces in the Venusian
lithosphere.
d. Summary bibliography:. (3/89 - 3/90) 2 papers published, 1 paper in press, 3 papers
submitted, 8 abstracts published, 5 seminars given, 8 papers presented at meetings;
e.g.,
Phillips, R.J., Convection-driven tectonics on Venus, J. Geophys. Res., 95, 1301-1316,
1990.
Phillips, R.J., N.H. Sleep, and W.B. Banerdt, Permanent uplift in magmatic systems
with application to the Tharsis region of Mars, J. Geophys. Res., 95, in press, 1990.
Mueller, S., and R.J. Phillips, On the initiation of subduction, submitted to J. Geophys.
Res., 1990.
Grimm, R.E. and R.J. Phillips, Gravity anomalies, compensation mechanisms, and the
geodynamics of Lakshmi Planum, Venus, submitted to J. Geophys. Res., 1990.
Phillips, R.J., and R.E. Grimm, Generation of basaltic crust on Venus, LPSC XXI, 958-
959, Lunar and Planetary Institute, Houston, 1990.
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T1TLE: Remote Sensing Information Applied to Geological
Studies of Planets (NAt, W-28)
ABSTRACT: a. brief statement of the overall objectives and justification of the work; b. brief statement of the
accomplishments of the prior year, c. brief listing of what will be done this year as well as how and why; and d.
recent publications relevant to the proposed work.
a) Objectives: The central objectives of the research proposed here are to determine the composition of
unexplored surfaces and to use this information to understand the geologic evolution of the planetary
body. This program concentrates largely on analysis of remotely acquired information derived from
the optical properties of planetary surfaces. Our research in geological sciences relies on integration of
observational, laboratory, and theoretical investigations. Diverse research topics concerning
exploration of the Moon, asteroids, and Mars are all included in this single proposal.
b) Promess examples: Analytical approaches to extracting compositional information from reflectance
spectra have been developed and are being tested to determine mineral abundance and mineral
composition for geologic materials using remotely acquired reflectance spectra. A version of the
Hapke model was applied to remote observations of the Moon (requiring derivation and removal of an
ALT component). Mineral abundances of deep-seated materials excavated by Copernicus were
evaluated and provided evidence for a layered pluton (with a large range of O1/Plag abundances in the
peaks). Results from systematic mathematical deconvolution of absorption characteristics (MGM)
have been documented and are close to yielding the ability to determine composition of olivine from
reflectance spectra. Statistical comparisons of the spectral properties of meteorites and asteroids
continue to provide evidence that optical alteration occurs on asteroidal surfaces. Frequency statistics
of the shock darkened meteorites are near completion (-14% of ordinary chondrites) and the cause of
the optical alteration narrowed to the physical form of finely dispersed metallic particles (triolite and
FeNi). Drawing on our successful experience with imaging spectrometer data, preliminary analyses of
ISM data for Syrtis Major and Olympus Mons regions have been performed. The surface of Mars is
shown to be quite heterogeneous at high resolution with some areas exhibiting clear diagnostic mafic
mineral absorptions and other areas exhibiting subtle variations of alteration products and dust.
Progress has been made on the book Remote Geochemical Analysis and it is expected to be available
in about a year.
c) Continuing tasks: Completion of MGM analysis of olivine spectra should result in a useful
analytical tool with broad applications for the Moon, Mars, and asteroids. An initial al_plication goal is
to determine the composition of the olivine at Copernicus. We will explore and test additional
analytical approaches to mineral mixtures, including an independent (probability) method. We intend
to obtain sufficient data on black chondrites to quantify the character and nature of the finely dispersed
opaques and their relation to observed properties. Frequency statistics on optically altered meteorites
will be completed for publication. Cooperative analyses on the composition and high precision
spectral reflectance properties for separates of Murchison and Migei (CM) meteorites will be underway
with Soviet colleagues. At a lower level of effort, polarization and opposition effects will be evaluated
using measurements from controlled surfaces. ISM analyses of Svrtis Major geology should be ready
for publication. Experiments with prepared Mars analogue materials over the spectral range from 0.45
to 20 t.tm should commence using the new Keck facility. RGA should be available to the community.
d) Bibliog-raphy: Direct results from this grant during the last y_ar include two JGR manuscripts, a
book chapter, 6 diverse LPSC21 abstracts of work in progress, plus a variety of shorter science
abstracts.
C. M. Pieters
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PROPOSAL TITLE: SURFACE GEOLOGIC PROCESSES
ABSTRACT:
a) Four tasks are identified in this proposal I) Mars Tectonics, II) Martian Volcanism, III) Ganymede-
Callisto Surface Age Relations, and IV) Terrestrial Impact Craters. Mars Tectonics: The focus of this
work is an assessment of the net extension and compressional associated with grabens and wrinkle
ridges in Tharsis and Elysium. Topographic data derived from photoclinometry and shadow
measurements combined with planimetric data will be used with kinematic models to assess the strain
associated with each feature; these data in turn will be used to assess the isotropy of regional strains
and assessed in terms of tectonic models. Martian Volcanism: This task focuses on a study of the most
recent volcanism of the large Tharsis and Elysium volcanoes and a study of the geologic and volcanic
history of the small, older, =enigmatic" Tharsis volcanoes (e.g., Tharsis Tholus). The morphology and
volcanic aspects of small scale volcanism (e.g., low shields, fissure eruptions) will also be
investigated. These two tasks (I and II) will provide important information about the tectonic and
volcanic history of Mars. Quantification of the net strain is an important component of the tectonic
history. An understanding of the styles of volcanism that characterize the large volcanoes and a study
of the older central volcanoes provides important constraints on the evolution of volcanism. Ganymede-
Calfisto Surface Age Relations: The objective is to develop a global stratigraphy for the most
widespread geologic units on Ganymede. Understanding the age of major terrane units will provide a
context for evaluating the geologic history. A second aspect of this task is an assessment of the extent
of surface age variation and hence an understanding of the extent of geologic evolution of the surface of
Callisto. This work will provide an understanding of how these two large icy satellites have evolved
over time. Terrestrial Impact Craters: The focus is on the reduction and modelling of gravity data
already acquired at three large Australian impact craters (Connolly Basin, Mr. Toondina, and Kelly
West).
b. "New Proposal" Much of the proposed work is the outgrowth of activities conducted under previous
proposals. Work on wrinkle ridges in Lunae Planum indicates that individual ridges accommodate 130 m
of compression and that the regional compressive strain across Lunae Planum is 0.2-0.5% (1600 m).
Preliminary work on the graben south of Alba Patera in Tharsis indicates that these features are 8-670
m deep and <1 - 8 km wide. Assuming 60 ° bounding faults, the typical extension would be 160 m.
Preliminary analysis of the gravity data for the Connolly Basin impact structure indicates the central
peak is composed of a relatively high density material drawn up from a deeper stratigraphic level and
that the crater is now filled with relatively high density clastics shed off the central peak. Both the
crater interior and central peak exhibit a gravity high relative to the area outside the crater.
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c. FY 91 Work Plan: Task I: Collection and reduction of data for graben in the area of northern Tharsis,
used in connection with geologic data, to assess the time-strain history; collection and reduction of
data for wrinkle ridges in Arcadia Planitia. Task I1: Study the morphology and volcanology of the low
shields and fissure flows of Elysium, and map several of the small, old central-vent volcanoes of
Tharsis.. Task II1: Compile a global stratigraphy for areas on Ganymede for which crater count data has
already been compiled; collect additional crater count data for critical areas. Task IV: Reduce and model
gravity data for Australian craters.
d. Publications: Golombek, M., Plescia, J., and Franklin, B., (1990), Faulting and folding in the
formation of planetary wrinkle ridges, Proceedings 21st Lunar Planetary Science Conference (to be
submitted). Golombek, M. P., Suppe, J., Narr, W., Plescia, J., and Banerdt, B., (1990) Does wrinkle
ridge formation on Mars involve most of the lithosphere? Abstracts, 21st Lunar Planetary Science
Conference, 421-422. Murchie, S. L., Head, J. W., and Plescia, J. B., (1989) Crater densities and
crater ages of different terrain types on Ganymede. Icarus, 81, 271-297. Plescia, J. B., (1990),
Recent flood lavas in the Elysium region of Mars. Icarus (submitted). Plescia, J. B., (1990), Recent
flood lavas in the Elysium region, Mars, Abstracts, 21st Lunar Planetary Science Conference, 969-
970. Plescia, J. B., (1990), Photoclinometric analysis of wrinkle ridges on Lunae Planum, Mars,
Abstracts, 21st Lunar Planetary Science Conference, 967-968. Shoemaker, E. M., Shoemaker, C. S.,
and Plescia, J. B. (1989) Gravity investigation of the Connolly Basin impact structure, Western
Australia, Reports Planetary Geology and Geophysics Program, NASA TM 4130, 588-589.
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ABSTRACT: (Type single-spaced below llne. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the Work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a) The purposes of the proposed research are to def'me the properties of solar system
surfaces and rings and the processes that affect them.
b) Recent accomplishments include: 1) Obtaining thermal emission spectra of Mars in the
5.4 to 10.5 micron spectral region and tentatively identifying features due to sulfates,
carbonates, and hydrates. 2) Determining the effects of CO absorption features in the 2.3
micron region on spectra of Mars used to define surface mineralogy. 3) Estimating the
mass fractions of water ice, hydrated minerals, and opaques on Callisto's surface.
4) Determining the wind stress pattern across the Martian surface with a general
circulation model (GCM). 5) Characterizing the particle size distribution and spatial
distribution of Saturn's F ring.
c) During the next year, the following research is proposed: 1)Obtaining new high
resolution spectra of Mars in the thermal and near IR and analyzing the results to further
constrain thesurface mineralogy. 2) Analyzing Voyager images of Callisto to determine
the spatial distribution of albedo units for use in modeling near IR spectra. 3) Performing
an in-depth comparison of GCM wind stresses with aeolian features, including streaks
and dune fields. 4) Analyzing images of the shadow of the F ring on the satellite
Epimetheus to bound this ring's inclination and thickness.
d) Pollack, J.B., Roush, T., Witteborn, F., Bregman, J., Wooden, D., Stoker, C., and Toon,
O.B. (1990). Thermal emission spectra of Mars (5.4--10.5 pro): Evidence for sulfates,
carbonates, and hydrates. J. Geophys. Res., in press;
Roush, T., Pollack, J.B., Wittebom, F.C., Bregman, J.D., and Simpson, J.P. (1990). Ice
and minerals on CaUisto and Ganymede: A reassessment of the reflectance spectra.
Icarus, in press.
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ABSTRACT: (Type slngle-spaced below llne. Lettered paragraphs
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(a) The purposes of the proposed research are to derive improved parameterizations of key
physical processes operating in the solar nebula (e.g., turbulence), to model various stages in
this accretion disk's development and evolution, and to derive observational constraints on the
nature of the early solar system. These efforts are directed at constraining theories of the
origin of the planets and satellites. (b) Key _ecent accomplishments include: 1) conducting
initial numerical simulations of turbulence for conditions relevant to the solar nebula;
2) constn, cting models of the solar nebula in which the inhibiting effects of low optical depth
and the solar luminosity on thermal convection and disk evolution were simulated;
3) conducting initial simulations of the evolution of a nebular disk that is gravitationally
unstable; 4)constraining the oxidation state, ice to rock ratio, and the C content of
planetesimals in the outer solar nebula. (c) During the forthcoming year, we propose to:
I) continue our numerical simulations of turbulence with emphasis on the effects _f rotational
shear and density stratification; 2) study the evolution of the solar nebula when it was tidaUy
truncated by one or several giant planets; 3)continue the simulations of the evolution of
gravitationally unstable disks and develop pa.rame_erizations of the gravitational torques and
asymptotic behavior, 4)conduct initial studies of the phase changes and chemical
transformations that occuned as the grains and gases of an infalling molecular cloud
approached and passed ttuough the shock interface of the solar nebula. (d) Cabot, W.,
Hubick-yj, O., PoLlack, .I.B., Cassen, P., and Canuto, V. (1990). Direct numerical simulations
of turbulent convection I. Variable gravity and uniform rotation. Geophys. and Astrophys.
Fluid Dy,., in press; Simonelli, D., Pollack, ].B., McKay, C.P., Re)molds, R.T., and
Summers, A.L. (1989). The carbon budget in the outer solar system. Icarus 82, 1-35.
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(a) The primary objective of this project is to determine
stratigraphic relationships among geologic units on the east rim
of Hellas basin by detailed geologic mapping of three MGM
1:500,000 quadrangles (-40272, -40267, and -40262).
Specifically, the geological questions that will be addressed
are: (i) What are the relative ages of and water sources for the
valley networks of the channeled plains unit of the Hellas rim?,
(2) What are the relative ages and types of mass wasting in the
outflow channels and on the upland surfaces of Hellas rim?, (3)
What roles do fluvial, eolian, and glacial processes play in the
erosional history of this portion of the east Hellas rim?, and
(4) What are the ages of the channels relative to the filling of
Hellas basin and resurfacing of Hellas rim?
(b) New proposal.
(c) During the first year I will map MGM -40267 following
standard planetary geologic mapping principles specified by
Wilhelms (1972). I will begin with the center quadrangle because
it exhibits many of the stratigraphic units associated with
outflow channels, valley networks, and erosional scarps which
must be resolved to address the objectives in (a). Mapping will
be done by interpretation of high-resolution Viking Orbiter
images and by stereo interpretation where possible. I will
consult with Ronald Greeley and David Crown as necessary
throughout the project.
(d) Crown, D.A., K.H. Price, R. Greeley, 1990, "Evolution of
the East Rim of Hellas Basin, Mars", Lunar _ P_aneta_y Sci#nce
¢oDference, XXI, p.252-253.
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PROPOSAL SUMMAE_
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Dr. Carolyn C. Porco
Lunar and Planetary Laboratory_ University of Arizona
Tucson, AZ 85721 _602_ 621-2390
Co-INVESTIGATORS:
(Name Only)
None
PROPOSAL TITLE: Studies in Planetary Rin_s
ABSTRACT: (Type single-spaced below llne. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a. Objective : i) Investigate the role played by spiral density wakes in the origin of the
azimuthal brightness a_ymmetry in Saturn's A ring and the lack of it elsewhere in the
rings. Results from this research may provide a valuable probe of dynamical and collisional
processes within the rings; ii) Examine the behavior and evolution of spokes (contrasts,
orbital velocities, etc.) as they pass through Saturn's shadow on the rings for the purpose
of elucidating the mechanisms of spoke creation/enhancement in the shadow region and
their relationships to meteroid impact, the magnetic field, the SED's, etc.
b. Progress : i) Preliminary modelling results showing that the asymmetry can be explained
by density wakes of the type found by Julian and Toomre (1966) in explaining galactic
structure were presented at DPS meeting (Providence, R. I. 1989). Began modification
of the original computer code used in generating wakes (obtained from A. Toomre) to
match dynamical conditions within Saturn's rings; ii) Completed second major step in
the reduction of Voyager 1 images showing passage of spokes through Saturn's shadow on
rings. Preliminary findings indicate that some spokes entering shadow emerge significantly
enhanced in size and brightness, especially those within SKR-active sector of magnetic field.
It may be that the imprinting of a new, radial spoke occurs in shadow.
c. Proposed work : i) Investigate further the nature and origin of the azimuthal _ymmetry
by using particle size and location (spiral wake) distributions appropriate to Saturn's rings
and geometric ray tracing code to model this photometric effect _ it is observed in Voyager
imaging data. (In collaboration with Dr. Luke Dones of the Canadian Institute of Theoret-
ical Astrophysics.) ii) Complete observational work on Voyager images of spokes to arrive
at a data set which will provide unique input to models for spoke creation/rejuvenation.
d. Publications: Porco, C.C. (1988). Eos, Trans. Am. Geophys. Union 69,391.; Porco,
C.C. (1990). Adva,ces in Space Research. 10,221-229.
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PRINCIPAL I_'KSTICATOR:
(Names, Address,
Telephonc Number)
CO-INVESTIGATOrS:
(Same Only)
TITLE:
PROPOSAL SD'FD_RY
Frank M- Ri_htPr
Dept, of the_Geophysical Sciences
_f Chicago. Chicago. IL (312)702-8102
Studies for Lunar Ma_ma-oceano_raphv: Cumulate Dynamics
ABSTRACT: (Type single-spa=ed within box below. Paragraphs numbered (a)
through (d) should include: a. brief s=atemen= of the overall objectives and
Justification of the work: b. brief s_a:emen: of the accomplishments of the
prior year, or "new proposal;" c. brief listing of what will be done this
year, as well as ho_." and why; and 4. one or two of your recent publications
relevant to the proposed work.)
A. The long range goal of the proposed research is to develop governing
equations and parameterizations for the chemical and dynamical processes
that control crystal fractionation from a cooling magma system in order
to address the formation and layering of the lunar crust. Topics to be
studied both separately and combined include: (i) crystal settling (or
floating) and post-cumulate compaction, (ii) convection in magma layers
and within porous cumulates, (iii) assimilation and replenishment, and
(iv) representations of phase equilibria and material properties of both
crystals and melts as crystallization proceeds.
B. We have used compaction theory to successfully model melt profiles
for melt redistribution in a basalt-olivine aggregate driven by surface
forces.
C. We will continue to concentrate on modelling crystal settling (or
floating) in an otherwise quiescent fluid (melt) over the entire
range of crystal content from dilute, through hindered settling, to
the final expulsion of interstitial melt by matrix deformation. Also
in the first year we will develop the necessary representations of the
phase equilibria and material properties of crystallizing basaltic
melts.
D. Daines and Richter (1988) An experimental method for directly
determining the interconnectivity in a partially molten system, Geophys.
Res. Lett., V. 15, p. 1459-1462. Richter and Daly (1989) Dynamical
and chemical effects of melting a heterogeneous source, J. Geophys.
Research, v. 94, p. 12, 499-510.
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PRINCIPAL INVESTIGATOR:
(Name, Addresm,
Telephone Number)
Professor Carl _oq_n
Space Sciences Bldq.. Cornell llnivpr_ity_ Ithaca, NY
(60/) 255-4971 14853
Co-INVESTIGATORS:
(Name Only)
B. N. Khare
W. R. Thompson
PROPOSAL TITLE: Interdisciplinary Studies of Comparative Planetology
ABSTRACT: (Type slngle-epaced below llne. Lettered paragraphs
(a) through (d) should include= a. brief statuent of the
overall obJectlvea and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
propoealt" c. brief listing of what will be done this year, as
well as how and whyt and d. one or two of your recent publi-
cations relevant to the proposed work.)
a. Laboratory simulation of CHJHzO (and other) ice irradiation chemistry in comets and
outer solar system satellites; comparison with spacecraft observation. Cometary
delivery and erosion of volatiles and organics on the early terrestrial planets. Triton
and Titan surface ices and chemistry; Triton windblown dust and tidal evolution; Titan
radar properties. Oxidants on Mars. Optical constants of minerals and ices.
b. First smoothed particle hydrodynamic calculation of temperature fields in large
cometary impacts (Chyba et al., 1990); cometary contribution to oceans of early Earth
(Chyba, 1987, 1990); saltation and plume transport explains windstreaks on Triton
(Chyba and Sagan, 1990); modelling radar studies of Titan and other icy Saturnian
satellites (Thompson and Squyres, 1990); solid organic residues from irradiation of
hydrocarbon/H_O ices; comparison with vis/ir properties in outer solar system (Khare et
al., 1989a, 19_9b); and successful modelling of 3.4 /_m cometary comae emission from
organic grains (Chyba and Sagan, 1987, 1988 1989; Chyba et al., 1989); optical constants
of basalt, CH 4 ice, kerogens, meteorite organics (Khare et al., 1990; Arakawa et a/., 1990).
c. Extension, including 2D ---, 3D of SPH models of volatile and organic delivery to
terrestrial planets; new project on geomorphology and volume of Martian valley
networks; depth of oxidant diffusion zone for Mars rover drilling; production and fate
of organic sediments on Titan, Triton, Pluto; 'dielectric properties Titan surface;
optical constants of ices, minerals and meteorite residues; reflectance spectroscopy
of irradiated ices in new composition and dose regimes; Triton color/albedo
classification and spectral properties; test, predicted heliocentric evolution,
cometary emissibn spectra.
d. Chyba et al. (1990), Cometary delivery of organic molecules to the early Earth, Science,
in press; Khare et al., Solid organic residues produced by irradiation of hydrocarbon-
containing H20: IR spectroscopy and astronomical implications, Icarus 79, 350 (1989);
Thompson and Squyres (1990), Titan and other icy satellites: Dielectric propertie_,
Icarus, in press; Chyba, Sagan, Mumma, Heliocentric evolution of IR cometary spectra,
Icarus 79, 362 (1989).
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PRINCIPAL INVESTIGATOR:
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Telephone Number)
Co-INVESTIGATORS:
(Name Only)
John W. Salisbury
Dept. of Earth & Planetary Sciences
Johns Hopkins University
Baltimore, MD 21218 Tei:301-338-7048
None
PROPOSAL TITLE : Mid-Infrared Spectroscopic Investigation
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a. Growing interest in the thermal infrared has led to an infrared
spectrometer or multispectral scanner planned for Mars Observer, EOS, and the
Russian Vesta probe, and proposed for a lunar orbiter mission. Meanwhile,
ground-based thermal infrared measurements are underway of Mercury, the
Moon and asteroids. These developments show the need for both a library of
thermal infrared spectral signatures of minerals and rocks, and an
understanding of different environmental effects on those signatures. It is the
purpose of this project to provide this needed capability.
b. This is a renewal proposal for research that during the past year has
resulted in expansion of the mineral spectral library in preparation for a second
edition; expansion of the rock library to include metamorphic and sedimentary
rocks, for which initial measurements have been made; enlargement of the
meteorite library to include more than 60 samples; establishment of a soils
library; and two interpretative papers of the igneous rock library data published
in JGR. Initial testing of a new portable infrared field spectrometer is complete
and we have demonstrated the ability to extract absolute emissivity from
emittance data. Finally, cooperative research with other NASA investigators
has resulted in significant new findings about mixing models and the spectral
signatures of lunar soils and shocked minerals and rocks.
c. During the coming year we will publish the libraries of mineral,
meteorite and soil spectra, and complete characterization and spectral
measurements of metamorphic and sedimentary rocks. We will also use the
new field spectrometer to measure environmental effects on spectral emittance.
d. Salisbury, J. W. and Walter, L. S., 1989, Thermal infrared (2.5 to 13.5
_m) spectroscopic remote sensing of igneous rock type on particulate planetary
surfaces: Journal of Geophysical Research, v. 94, p. 9192-9202.
Salisbury, J. W., Walter, L. S. and Vergo, Norma, 1989, Availability of a
library of infrared (2.1-25.0 _m) mineral spectra: American Mineralogist, v. 74,
p. 938-939.
Gardiner, J. L. and Salisbury, J. W., 1989, Spectral reflectance of mineral
mixtures in the mid-infrared (7-25 _um): Abstracts of the ERIM 7th Thematic
Conference on Remote Sensing and Exploration Geology, Calgary, Canada,
October 2-6, 1989, p. 2.
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PRINCIPAL INVESTIGATOR:
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Co-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE:
Gerald G. Schaber
USGS, 2255 N. Gemini Dr,. FlaaRtaff. _7 R_nql
(bUZl bZ/-/485, FTS 959-6640 -
Richard Kozak
Geology and Tectonics of Venus
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a. ODJeCtlVeS: _o continue research on the geology, tectonlcs, and
cratering history of Venus using all available databases; to publish
these results and integrate them into pre-Magellan and Magellan
operational and data-analysis activities; and to provide geologic
mapping training to the planetary geoscience community, by making
available geologic, geomorphic, and structural database products.
Major products anticipated include published 15:000,000-scale
geologic/geomorphic and structure maps of the northern quarter of
Venus based on synthetic stereoimage analysis of Venera 15/16 data,
as well as relevant journal articles describing aspects of regional
and global volcanism, tectonism, and surface chronology.
b. Accomplishments (Major}: Completion of l:lS,000,000-scale
geologic/geomorphic and structural maps of the northern quarter of
Venus based on Venera 15/16 data was given top priority during the
past year. These maps, on two sheets with accompanying text and unit
descriptions and interpretations, were released in March, 1990 as
USGS Open-File Report 90-24.
c. Work Plan (April 15, 1990 - Sept 30, 1991): (i) Prepare USGS
Open-File Report (Schaber and Kozak, 1990) for formal publication in
USGS Misc. Investigation Series; (2) complete and submit for
publication a paper describing digital analysis of the distribution,
characteristics, and relations of 34 geologic/geomorphic units
recognized in Venus" northern quarter; (3) complete and submit for
publication papers on the styles of Venusian tectonics, large
shields, and "domical hills" (domes); and (4) provide training
tutorials and geologic/tectonic databases for Magellan mission
operations and later geologic mapping activities.
d. Recent Publications (major): Schaber, G.G. and Kozak, R.C., 1990,
Geologic/geomorphic and structure maps of the northern quarter of
Venus: U.S. Geological Survey Open-File Report 90-24, 27 p., 2 plates
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Proposal Sunmmry
Robert M. Schmidt
Boeing Aerospace Company Marl Stop 3H-29
P.O. Box 3999, Seattle, WA 98124-2499
(206) 657-3485
Co-lnvestigators:
Title: Impact Cratering Mechanics
Abstract (a. overall objectives; b. accomplishments; c. proposed work; d. recent publications):
a_ The objective of the current three-year program is to use a geotechnical centrifuge and
related shock physics experiments to develop scaling rules for large-body impacts onto
planetary surfaces. Three topics of interest to be run in parallel include the following:
1.) Atmospheric effects on impact cratering,
2.) Continuation of the present work to investigate rock and rock simulant targets.
3.) Stress wave propagation and shock photography in transparent target media.
b. Initially we believed that large-scale (i.e. gravity dominated) impacts in rock would produce
larger craters than in porous targets (e.g. megaregolith), because energy and momentum
coupling would be more efficient in nonporous rock. However, recent results (Schmidt, 1990)
from experiments performed in rock targets and rock simulants suggest that craters in jointed
rock may be considerably smaller than those in porous targets. While the coupling may be
better for the non-porous materials, the jointed rock or rock simulants seem to display much
higher friction angles due to Joint locking and kinematic incompatibility between blocks. The
high friction angle reduces crater size for the jointed material. This may have significant
implications for interpretations of planetary cratering records which are based on crater
scaling laws. Water targets are also being used to investigate scaling relationships, especially
with regard to stress wave propagation, rate of crater growth, and total time of crater
formation. The advantage of water is that we can photograph complex shock wave
interactions for simulated layered targets with different layer conditions. We now think that
we can extend this technique to impact plexiglas targets. In addition to shock wave
photography, miniature carbon foil stress gauges have been used successfully to measure
waveforms in water and between layers in rigid targets. Ultimately, we hope to provide
information on the propagation of stress waves in the region near the impact point. Here
results will help constrain theories on the ejection of high-speed debris, with particular
implications for the origin of SNC meteorites.
e. Next, we will orient thin glass plates in a vertical plane to test for effects of the direction of
"]ointing" in our samples. Different configurations of explosive loadings will be evaluated to
provide a more rectilinear pre-fracture pattern. We also want to decrease the plate thickness
relative to the impactor size. This will be done by varying both the projectile size and the plate
thickness. To do this we have a larger two stage light gas gun, used previously in our 1G
experiments, which will now be mounted on the centrifuge. This gun is capable of launching
1/4" projectiles, as compared to the smaller light gas gun, which was limited to 1/16"
impactors. To investigate atmospheric effects we have mounted a vacuum/pressure chamber
on the centrifuge which will allow us to isolate pressure effects from drag effects.
d. Schmidt R. M. and K.l_Housen (1987) Some recent advances in the scaling of Impact and explosion
craters, Int. J. of lmpact Engineering 5, 543-560.
Holsapple IC A. and Schmidt R. M. (1987) Polnt-source solutions and coupling parameters in cratering
mechanics, J. Geophys. Res, 92(B7), 6350-6376.
Schmidt R. M. and Holsapple K. A. (1989) Planetary ejection mechanisms, EOS, 70, No. 43, 1989.
Schmidt R. M., Voss M. E. and Watson H. E. (1990) A compendium of data for impact cratering
experiments performed at elevated gravity on a centrifuge and at IG in the laboratory.
Document D180-32314-1, Boeing Aerospace & Electronics Company, Seattle WA 98124-2207.
Schmidt R. M. (1990) Crater sImulations in subscale jointed rock: Preliminary results, l._nar and
Planetary Science XXl, pp. 1083-1034, Lunar and Planetary Institute, Houston, "IX.
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Gerald Schubert
Dept.
UCLA,
of Earth and Space Sciences
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PROPOSAL TITLE: Thermal and Dynamical Processes in the
Evolution of Planets and Satellites
ABSTRACT: (Type single-spaced below line. Lettered paragraphs (a)
through (d) should include: a. brief statement of the overall objectives
and justification of the work; b. brief statement of the accomplishments
of the prior year, or "new proposal;" c. brief listing of what will be
done this year, as well as how and why; and d. one or two of your recent
publications relevant to the proposed work.)
(a)
(h)
(c)
(d)
(e)
Ob,]ective: Detez_ltine interior structures and thermal histories of planets and satellites.
Characterize the modes of heat transport and deformation in the mantle. Relate surface
tectonic features to mantle dynamics.
Progress: Calculated new structural models of the Martian interior. Explored the
influence of the setllur content of the core of Harm (ms the planet's thermal evolution and
the generation of a planetar_ magnetic field. Concluded that the lack of a present Martian
_etic field is most consistent with a model of Ma_s in which the present core is
completely liquid. Calculated fully 3-_ional, highly nonlinear modes of mantle
convection in spherical shell models of Mars and Venus. Found that cylindrical upwelling
mantle plumes could be responsible for volcanic centers on Mars and Venus and that a
cylindrical _II_ plume might explain the compressiual features in western Ishtar
Terra on Venus. Developed a thermal history model of the Eaxth that includes
degassing/regasslng and the dependence of mantle viscosity on volatile content.
Demonstrated that tidal heatin_ in Enceladus could be a factor of 2000 greater than
previous estimates. Showed that tidal heating in Io's mantle and asthenosphere leads to
the alternating basin and swell to_rap_ry observed (ms Io's equator. Determined that solid
friction in the Earth has been the main energy sink in the Earth-Koon tidal evolution with
tidal dissipation in the oceans havim_ a relatively small effect over geologic time (though
it is important at present).
Proposed Work: Investigate the effects of Inhomogeneous heating by large impacts on the
thermal histories of terrestrial planets. Study the coupled orbital and thermal evolution
of Triton to determine the role of tidal heating. Develop thermal history models of Io's
core and mantle to establish the feasibility of a present dynamo-generated magnetic field.
Construct numerical models of mantle plumes with temperature-dependent viscosity. Apply
the plume models to Mars and Venus to determine if major geologic features on these planets
are associated with mantle plumes. Use the 3-dimensional spherical convection code to
study convection and plume dynamics in Mars and Venus and finite element codes to relate
mantle and lithosphere dynamics to surface tectonics.
Summary bibliography: (01/89-04190): 5 papers published, 3 papers in press, 5 abstracts
published, 5 oral presentations.
Personnel: I faculty (part time), 1 graduate research assistant.
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Principal Investigator:
(Name, Address,
Telephone Number)
Peter H. Schultz
Brown University
Department of Geological Sciences
Box 1846
Providence, R.I. 02912
(401) 863-2417
Co-Investigators:
Proposal Title: Planetary Impact Processes
Abstract:
a.) Objectives: 1.) To investigate the process and consequences of oblique impacts from the planetary
geologic record, laboratory experiments, and theoretical analysis. 2.) To characterize the formation and
evolution of impact craters in atmospheric environments through comparisons of the planetary impact
record, impact experiments, and young terrestrial craters.
b.) Progress: Analysis of planetary surfaces, laboratory experiments, and terrestrial field studies have
provided the following new results: 1.) Recognition of projectile decapitation by hypervelocity oblique im-
pacts in the laboratory and in the planetary surface record (Mars and Moon). 2.) Increased time resolution
(microsecond) of impact vapor and plasma cloud through high frame rate imaging, improved data collection
techniques, and Langmuir probes. 3.) Spatial separation of jetting, vapor, ricochet, and target ejecta for
oblique impacts, thereby allowing analyses of each component. 4.) Characterization of the separate effects
of ambient pressure, dynamic pressure, and projectile wake effects on ejecta emplacement, cratering ef-
ficiency, and crater shape in laboratory experiments with parallel effects emerging for Mars. 5.) New es-
timates on the rate and style of erosion around the low-gradient continuous ejecta of Meteor Crater with
implications for styles of ejecta emplacement and gradation rates on Mars.
c.) Proposed Research: Two major tasks are proposed. The first investigates the process and conse-
quences of oblique impacts and will be accomplished through the following subtasks: (1.) Comparison of
oblique impacts on the Moon, Mars, and Mercury with laboratory experiments as a means to separate impac-
tor velocity, angle, and size; and (2.) characterization of impactor survival and shear heating in oblique
laboratory impacts through contrasting effects of different projectile/target combinations, melt/vapor plating,
intact capture, magnetic field and plasma generation, and spectral analyses. The second task continues the
analysis of atmospheric effects on the cratering process through the followingsubtasks: (1.) Comparison of
the effects of ejecta properties on emplacement styles on Mars, in laboratory experiments, and eventually
Venus; (2.) field studies of contrasting ejecta emplacement styles recognized at Meteor Crater; and (3)
investigation of the styles of crater erosion on Mars and Earth as a means to recognize atmospheric effects
on ejecta emplacement as well as changing climates.
d.) Summary Bibliography:
Schultz, P.H. and Gault, D.E. (1989). In Proc. Global Catastrophes (in press).
Schultz, P.H. (1990a). Atmospheric Effects on Cratering Efficiency, J. Geophys. Res. (in revision).
Schultz, P.H. (1990b). Atmospheric Effects on Crater Shape, (to be submitted to J. Geophys. Res., May).
Schultz, P.H. (1990c). Atmospheric Effects on Ejecta Emplacement, (to be submitted to Icarus, May).
Grant, J. and Schultz, P.H. (1990a), Icarus 84, 166-195.
Grant, J. and Schultz, P.H. (1990b), Erosional history of Ejecta at Meteor Crater. Arlzona (submitted to Geol.
Soc. Am. Bull.).
Crawford, D. and Schultz, P.H. (1990), Laboratory investigations of impact-generated plasma (to be
submitted to J. Geophys. Res., May).
Wichman, R.W. and Schultz, P.H. (1989), J. Geophys. Res., 94, 17.333-17,357.
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PRINCIPAL
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INVESTIGATOR:
TITLE:
Richard A. Schultz
Mackay School of Mines
University of Nevada, Reno
Reno, Nevada 89557
Geologic mapping of the Ophir Planum region of Mars
ABSTRACT:
(a)
(b)
(c)
(d)
Objective: Produce a 1:500,000 scale photogeologic map of the Ophir Planum region
of Mars (MTM -10067). Geologic mapping of this area will clarify the sequence of
faulting on the Ophir Planum plateau located at the junction of three Valles Marineris
troughs. Analysis of these faults is necessary to reconstruct the structural history of
Valles Marineds.
Progress: Geologic mapping nearly completed. New crater counts define an Early
Hesperian age for both Ophir Planum plateau and Coprates Chasma floor. The
geologic history and faulting sequence in the map area have been determined. Plateau
grabens are found to be older than most downfaulting of the adjacent trroughs and
appear related to early stages of trough faulting.
Current Work: Refine stratigraphy in key areas (e.g., at junction of Coprates and
Melas Chasmata). Verify compatibility of map units with those on adjacent map sheets
and prepare map and text for submittal to USGS. Prepare journal paper on structural
relations in the map area.
Relevant Papers:
Aydin, A. and R.A. Schultz, Effect of mechanical interaction on the development ol
strike-slip faults with echelon patterns, J. Struct. Geol., 12, 123-129, 1990.
Schultz, R.A., Strike-slip faulting of ridged plains near Valles Marineris, Mars
Nature, 341,424-426, 1989.
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PROPOSAL TITLE:
,David H. Scott
U.S.G.S.: 2255 No. Gemini Dr,. Flagstaff. AZ 86001
16021 527-7188 i FTS 765-71_
James Dohm
Mar X Chapman
Mars Elysium Basin: Water Volumetric Analysis
and Water Sources.
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a. Objectives and Justification: (i) To map circumbasin materials and their
transecting channels and draznage areas that _ere water sources for the
Elysium basin, and to estimate the amount of water supplied to the basin for
comparison ?;ith data obtained from the first ob]ective. (2) To calculate the
volume of water that filled the Elysium basin, one oz the largest and most
recent depositional basins on Mars. This basin is especially important for
quantitative determinations of water volume, because it is the only known
basin where direct evidence of a former high-water level can presently be
established.
b. Work Proqress and Accomplishments: Preliminary geologic and
physiographic-topographic maps have been compiled at 1:5,000,000 scale of the
Elysium basin region. The positions of paleolake shorelines and outlet
waterways from the basin are approximated on the maps. Our studies indicate
that the highest shoreline of the Elysium basin lies between 1000 and 500 m
below the Martian datum and that the deepest part of the basin is below -2,000
m; _ater depths may have been as great as 2500 m. The paleolake(s) at
greatest extent probably covered about 1,000,000 km- and had a volume of
5xlO_km _. Two spillways from the Elysium basin appear to lead into Amazonis
Planitia, which may also have been a lacustrine basin. Inflow channels of
three different ages suggest that lakes were recurrent in the Elysium basin
throughout the geologic record.
c. Work Plan FY91: Complete geologic and physiographic-topographic maps for
publication as U.S. Geological Survey Misc. Inv. Series I-Maps (scale
1:5,000,000). Refine and complete water-volume computations; calculate
inflow-channel dralnage areas and estimate their runoff capacity. Also,
estimate the amount of heat that may have been generated by postulated ash
flows of the Hedusae Fossae Formation and their potential for melting ground
ice in the regolith. Prepare reports for publication in appropriate journals.
d. Summary Biblioqraphy: 2 papers published, 2 maps in press, 4 abstracts
published.
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PROPOSAL TITLE:
ABSTRACT: (Type
Dr. Virgil L. Sharpton
LPI - 3303 NASA Road One, Houston, TX 77058
713-486-2111
Dr. Richard W. Shorthill
ALSE Data Reduction: Constraints on Lunar Substructur
and Regolith Thicknesses
single-spaced below line. Lettered paragraphs
(a) through (d) should Include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accompllshments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
(a) The Apollo Lunar Sounder Experiment (ALSE) was an orbiting multispectral radar
operating during orbits 16 - 18 of the Apollo 17 mission and was capable of mapping
substructure to a depth of a few kilometers. By employing a variety of data processing
techniques, Peeples et al., (1978) found evidence in the HF-1 band ALSE returns for
subsurface layering in Maria Serenitatis and Crisium. These data remain our only clues
to the regional configuration of the Moon's near-surface substructure. ALSE data for
other mare regions such as Oceanus Procellarum were collected but remain
unprocessed. The objectives of the proposed research are to (1) Repeat and verify some
of Peeples et al., (1978) results on Maria Serenitatis and Crisium; (2) Process all
unprocessed HF-1 data and interpret (where possible); (3) Assess the feasibility of
determining regolith thickness estimates from the VHF band ALSE data.
b) New Proposal
c) (1) Adjust and test the optical processor at University of Utah; upgrade optics as
necessary; (2) Reprocess selected portions of HF-1 data to insure correct processor
alignment and to verify and enhance the results of Peeples et al., (1978) over Mare
Serenitatis and Mare Crisium;
(d) (1) Shar, pton, V.L, and J.W. Head, Stratigraphy and structural evolution of Southern
Mare Seremtatis: A reinterpretation based on Apollo Lunar Sounder Experiment data,
J. Geophys. Res., 112, 10,983-10,998, 1981. (2) Sharpton, V.L, Analysis of Topography
and Implications for Ihe Tectonic Evolution of Mare Basins Part I: Lunar Substructure,
Mart _ and the Tectonic Evolution of Mare Basins Part II: A Comparison of the
Regional _ Characteristics of Venus and Earth, Ph.D. thesis, Brown University, 171
pp., 1984. (3) Sharpton, V.L., and J.W. Head, Lunar mare ridges: Analysis of
ridge/crater intersections and implications for the tectonic origin of mare ridges, Proc.
18th Lunar Planet. Sci. Conf.. 307-317, 1988.
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a. Objective: The objective of this study is to refine our understanding of the past
flux of solid bodies in the neighborhood of the Earth. Australia is one of the most
favorable regions of the world in which to find and identify impact structures. Our
specific goals are i) to accurately document the cratering record of Australia, 2} to
obtain precise ages of the impact structures, where possible, 3) to search for
evidence on the nature of the impactors, and 4) to use these results to reevaluate the
flux history of terrestrial impacting bodies.
b. progress: Field work in 1989 led to the completion of mapping of all craters in
the Henbury crater field, N.T., a detailed geologic and gravity survey of the
Mt. Toondina structure, S.A., and a geologic and gravity survey of the Kelly West
structure, N.T.
c. Proposed work: A major effort will be to complete a monograph on the Australian
impact structures. This book will contain an up-to-date account of all 22 impact
sites now recognized. It will be based chiefly on the results of our five field
seasons of previous work, but it will also include chapters by other authors. Field
work will be carried out to search for new impact structures in Queensland, to study
the Fiery Creek Dome, Queensland, to investigate the Strangways impact structure,
N.T., and to acquire further samples for studies of the erosion history of five
meteorite craters.
d. Bibliography:
Shoemaker, E.M., 1983, Asteroid and comet bombardment of the Earth: Ann. Rev. Earth
Planet. Sci., v. ii, p. 461-494.
Shoemaker, E.M., and Wolfe, R.F., 1986, Mass extinctions, crater ages, and comet
showers, in Smuluchowski, R., Bahcall, J.M., and Matthews, H., eds., The Galaxy
and the Solar System: Tucson, Univ. of Arizona Press, p. 338-386.
Shoemaker, E.M., and Shoemaker, C.S., 1988, Impact structures of Australia {1987)
[extended abs.]: Lunar and Planetary Science XIX, p. 1079-1080.
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a. Objective: The broad objective of this investigation is to improve the cratering
time scales for the terrestrial planess and to advance our understanding of the
present and past flux of solid objects in the Outer Solar System. Some specific goals
are to i} reassess the asteroid and long-period comet flux in the terrestrial planet
zone, 2) derive a more precise cratering time scale for Venus, 3) reassess the
population of Jupiter-family comets, and 4} continue our assessment of the populations
and dynamical structure of the L4 and L5 Trojan swarms.
b. Progress: A reevaluation of the population, size distribution, and collision rate
wit,hEarth was completed for Earth-crossing asteroids. A family of Mars crossers was
identified that provides direct evidence that Mars-grazing asteroids in relatively
stable orbits remote from resonances are an important source of Earth crossers.
Cratering rates by comet impact were derived for the Neptune satellite system. New
precise orbits of Trojans were obtained, proper elements were calculated, and the L5
Tro3answarm was shown to be collisionally evolved.
c. Proposed Work: On the basis of our present estimate of the population and size
distribution of Earth-crossing asteroids and new calculations of the collision
probability with Venus of the subset of Venus crossers, we will derive a refined
cratering time scale for Venus. Analysis of observations of long-period comets
discovered in the Palomar Asteroid and Comet Survey (PACS) will be undertaken in order
to prepare a new estimate of the long-period comet flux out to the orbit of Jupiter.
In addition, we will reduce available positional observations of Trojan asteroids
discovered by the PACS in order to derive more secure orbits and expand knowledge of
the dynamical structure of the L4 and L5 swarms.
d. Bibliography: Shoemaker, E.M., Shoemaker, C.S., and Wolfe, R.F., in press,
Asteroid and comet flux in the neighborhood of the Earth, in (Sharpton, V.L., ed. ),
Global Catastrophes in Earth History: Geol. Soc. Am. Spec. Paper. Shoemaker, E.M.,
Shoemaker, C.S., and Wolfe, R.F., 1989, Trojan asteroids: Populations, dynamical
structure, and origin of the L4 and L5 swarms, in Binzel, R.P. and Matthews, M.S.,
eds., Asteroids II, p. 487-523. The University of Arizona Press.
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ABSTRACT
A. Objective This is the second-year renewal of a three-year program for research to improve our geologic
understanding of Mars. Emphasis is placed on mineralogy and distribution of surface materials at the present
time, from which current processes and geologic history are inferred. Primary data used are existing
earthbased spectral reflectance data and Viking multispectral images, along with terrestrial remote-sensing
data of Mars-analog sites. Laboratory studies and development of data analysis techniques will be conducted
as required to conduct the proposed science. We will continue to play a major role in closing the gap
between image data and spectroscopic data.
B. Pro_-ess The past year has seen good progress and publications related to all tasks. Please see the attached
Progress Report for more details. 1) The spectrophotometric study of the CopratesNalles Marineris region
has progressed well, concentrating initially on the nature and origin of low-albedo materials, found on canyon
floors and in layers in the canyon walls. 1 journal paper, 2 abstracts, and contributions to a book chapter
have resulted. 2) We participated in field work and remote-sensing data acquisition for the Geologic Remote
Sensing Field Experiment (GRSFE), and have recently begun to analyze the first of that data. In parallel
there has been major progress investigating Mars-analog basaltic pyroclastic and hydroclastic deposits: field
geology, sample collection, and laboratory analysis. 1 journal paper and 3 abstracts have resulted. 3) Work
has continued to confirm the discovery of the mineral scapolite on Mars, and to refine estimates of
composition and regional abundance. We have successfully and thoroughly answered objections raised
concerning spectral interference by Mars atmospheric CO. 1 journal article and I abstract have resulted.
C. Proposed Work 1) Continue spectrophotometric analysis of the Coprates quadrangle, utilizing overlapping
Viking Orbiter multispectral coverage with differing incidence and emission angles. Hapke parameters (e.g.
single-scattering albedo, macroscopic roughness) will be solved for and used to provide geologic mapping of
compositional and physical properties. 2) Analyze remote-sensing, field geology, and laboratory data
collected during first year for investigation of basaltic pyroclastic and hydroclastic volcanism on Earth, for
application to Mars remote-sensing and exploration. We will continue to participate in the GRSFE effort.
3) Continue geologic investigation of scapolite on Mars, based on existing 1988 telescopic data and new
higher-resolution spectral observations to be made during 1990 (under separate funding). Refine our
understanding of the regional occurrence, abundance, and possible modes of origin of scapolite on Mars.
D. Recent Publications:
Dark Materials in Valles Marineris: Indications of the Style of Volcanism and Magmatism on Mars. J. Geophys.
Res.. in press (1990) (P.E. Geissler, R.B. Singer, B.IC Lucchitta).
Origins of the Mars-Like Spectral and Magnetic Properties of a Hawaiian Palagonitic Soil. J. Geophys. Res., in
press (1990) (R.V. Morris, J.L. Gooding, H.V. Lauer, and R.B. Singer).
High-Resolution Reflectance Spectra of Mars in the 2.3-t_ra Region: Evidence for the Mineral Scapolite. J..:.
Geophys. Res., in press (1990) (R.N. Clark, G.A. Swayze, R.B. Singer, J. Pollack).
Analysis of Poorly Crystalline Clay Mineralogy: Near Infrared Spectrometry Versus X-Ray Diffraction. Lunar
and Planet. Sci., XXI, 347-348 (1990) (W.H. Farrand and R.B. Singer).
Visual and Near Infrared Reflectance of Tuff Rings and Tuff Cones. Submitted to the International Vol-
canological Congress (1990) (W.H. Farrand and R.B. Singer).
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a. Objectives: The goals of this project are to generate a refined global-scale digital two-
color map of Mars' normal albedo and to use this database to help elucidate the surficial
geology of the planet. The new map w_/ have about i00 times the information content of
the Viking 2 approach mosaic of Soderblom et al. (1978). The images to be used were
acquired during ideal seasonal and photometric conditions. The new database, to be
distributed widely, ",;illhave scientific applications far beyond those described here.
b. Progress: Generation of eight of the basic regional color mosaics from about 600 images
is complete. Four of these cover more than 90% of the equatorial belt, (40°N to 50°S). The
other mosaics cover higher latitude regions. The base mosaics are in radiometric units
iI/F) and in orthographic and sinusoidal projections at about 1 km/pn(el. We developed
photometric modeling software to generate numerical models of the anisotropic, multiply
scattered irradiance fields that will be used to empirically fit a simple set of functions
used to extract maps of normal geometric albedo. By the end of the current fiscal year, we
will have completed this photometric modeling procedure and merged the eight existing
mosaics into global maps of normal albedo at two wavelengths (0.45 Mm and 0.59 Mm).
c. FY91 Work Plan: The database completed in FY90 will be augmented with at least four
additional mosaics. Two or more of these are oblique mosaics of the northern latitudes
that were acquired during the same Martian summer as the global base and will be merged
directly with it. Two others are equatorial mosaics acquired one Martian year earlier than
the global base; these will merged as a separate base to be used to study temporal
phenomena. Most of FY91 will be spent in analyzing the two final databases to prepare
maps and scientific publications. The entire collection of digital products will be prepared
for conversion to CDROM for distribution to the science community.
d. Relevant Bibliography: i) McEwen, A.S. and Soderblom, L.A., 1989, Mars color/albedo
and bedrock geology (abs.): Fourth International Conference on Mars, Tucson, Arizona, p.
138; 2) Soderblom, L.A., in press, Visible and near-infrared reflectance of the Martian
surface, in Mars, eds. H. Kieffer, M. Mathews, B. Jakowsky, and C. Snyder, University of
Arizona Press, Tucson.
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Ca)
(b)
(c)
(d)
Our broad goal is to understand the comparative tectonic, volcanic, and thermal histories of
the terrestrial planets.
During the past year we carried out tests of models of crustal divergence in the Venus
equatorial highlands, estimated the lithospheric thermal gradient and heat flux on Venus and
Mars from the elastic lithosphere thickness, developed new models for the early thermal
evolution of the terrestrial planets and meteorite parent bodies, including in particular the role
of interior volatiles, developed finite-element models of stress within and near large
volcanoes to study the relation between stress and volcano evolution, and initiated
finite-difference models of the thermal evolution of zones of lithospheric underthrusting and
orogeny on Venus.
In the coming year our proposed work includes further development of mechanical and
thermal models for the formation and evolution of Venus mountain belts; the application of
viscous relaxation calculations to limit the mode of origin, age, and dynamics of highlands
and coronae on Venus; the quantification of global patterns of tectonic deformation on Venus;
the further investigation of lateral heterogeneity in lithospheric thermal gradients on the
terrestrial planets from elastic flexure models; the continued development of finite element
models of stress within and around large volcanic constructs to study the relation between
volcanic processes and stress; and the systematic investigation of global thermal history
models for the Moon and Venus.
Grimm, R.E., and S.C. Solomon, Tests of crustal divergence models for Aphrodite Terra,
Venus, J. Geophys. Res., 94, 12103-12131, 1989.
Solomon, S.C., and J.W. Head, Heterogeneities in the thickness of the elastic lithosphere of
Mars: Constraints on heat flow and internal dynamics, J. Geophys. Res., in press, 1990.
Solomon, S.C., and J.W. Head, Lithospheric flexure beneath the Freyja Montes foredeep,
Venus: Constraints on lithospheric thermal gradient and heat flow, Geophys. Res. Lett.,
submitted, 1990.
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(a) Objectives: The work proposed here addresses six questions dealing with the geologic evolution of
planetary surfaces: (I) What is the distribution of ground ice on Mars? (_) What are the characteristics
of the most ancient water-lain sediments on Mars? (3) How does mixing of dissimilar surface materials
affect the ability to investigate planetary geochemistry via gamma_ray spectroscopy? (#) What are the
observable consequences of volcanic eruptions on icy satellites? (5) How does a planetary lithosphere
respond to mantle convection and loading? (6) How can the morphology of viscous flows on planetary
surfaces be related to their rheoiogy?
(b) Progress: In the past funding period, we have (a) Determined likely despinning times for Mer-
cury and examined the consequences for Mercury's geological evolution; (b) Constructed numerical
simulations of mantle plume-lithosphere interactions on Venus; (c) Investigated formation of coronae
on Miranda by sinker tectonism; (d) Investigated delivery of organics to Earth by comets using de-
tailed simulations of aerobraking and impact physics for comets; (e) Constructed models of stresses
and faulting on the flanks of martian volcanoes; (f) Performed mapping and sedimentological study
of ancient sedimentation basins on Mars and modeled ice thickness on ice-covered martian lakes; (9)
Developed and tested a new photoclinometric code for Mars, and performed a detailed study of error
sources in planetary photoclinometry; (h) Modeled viscous relaxation of crater topography on Mars; (i)
Developed a new model for palimpsest formation on Ganymede; (j) Demonstrated that long-wavelength
radar sounding through a deep CH4-C2Hs-N2 ocean on Titan may be possible; (k) Modeled relaxation
of large impact basins on icy satellites; and (l) Investigated thermal stress tectonics on icy satellites.
{c) Proposed work: In the coming funding period, we propose to (1) Construct photoclinometric
profiles across relaxed topography on Mars, and use finite-element modeling to examine the rheologic
properties of the martian megaregolith and their relationship to ice content; (2) Examine the spectral
properties of ancient martian sediments, better constrain the topography associated with them, and
model the physical and chemical characteristics of their environments of deposition; (3) Model the effects
of mixing of dissimilar planetary surface materials in varying geometries on the spectra of emitted
gamma radiation; (_) Model the hydrodynamics of liquid and vapor eruptions on icy satellites, and
compare model results to features observed in Voyager and Earth-based data; (5) Develop a detailed
model of the response of a planetary lithosphere to mantle convection and loading, and apply it to a
variety of problems dealing with Venus, Mass, and icy satellites; and (6) Use finite-element techniques
to investigate the relationship between the morphology of viscous flows on planetary surfaces and their
rheology.
(d) S,,mmary bibliography: 5 papers published, 4 papers in press, 4 papers submitted, numerous
abstracts published (see appendices), e.g., Thomas, P._l., and Squyres, S.W., JGR 93, 14919; Squyres,
S.W., Icarus 79, 229.
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a. Theoretical work directed toward understanding the origin, evolution, and structure of
planets and satellites.
b. (i) Models of Uranus and Neptune directed toward reconciling the similarities of these
planets with the gross differences in their heatflows. (ii)Quantitative understanding of
accretion shocks and drag heating of dust gains during the formation of the primitive
solar nebula. (iii)Preliminary estimation of the role of hydromagnetic torques in the
despinning of proto-giant planets. (iv) Demonstration that the hydrocarbon "ocean" on
Titan can be stored in the regolith. (v) Estimation of theological laws for nitrogen and
methane ices on. Triton; implications of these laws for the interpretation of Voyager
results. (vi) Evaluation of volcanic fluxes tied to a-generalization of parameterized
convection schemes that include the density effects of partial melting. An initial effort
has been made to apply this to Mars. (vii) A demonstration that dry carbonate production
is probably limited by diffusion through existing carbonate rinds. This leads to the
prediction that the Martian atmosphere is undergoing a gradual exponential decline.
c. (i) Models for the tidal Q of Jupiter and Saturn based on the resonant excitation of gravity
waves in deep, stably stratified regions. (ii) Quantitative assessment of the role of
hydromagnetic torques in determining the current spin states of giant planets.
(iii) Detailed models of the Neptune interior, especially directed toward understanding
the differences and similarities of Uranus. (iv) A major effort to understand the evolution
and present internal structure of Triton. (v) Tidal heating in small icy satellites: A novel
model based on heating concentrated at faults in a "blocky ice" model. (vi) Simulation of
mantle convection in the presence of volcanism, with a focus on understanding the
volcanic history of Mars. (vii) Mars climate history based in part on an understanding of
dry carbonate production. (viii) Formation of the moon from moonlets.
d. 8 papers published, 4 in press, 2 submitted, in past year.
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TITLE: PLANETARY GEOLOGICAL AND GEOPHYSICAL INVES33C_TIONS
ABSTRACT:
a. This proposal consists of three main tasks, two of which are continuations of previous research. Task 1
is a continuation of the study on the Solar System cratering record involving the incorporation of the Triton
cratering record and a re-evaluation of the cratering records on Ganymede and Callisto. Task 2 is the
continuation of the study of icy satellite geology and geophysics, including cryovolcanism and thermal
histories. Task 3 is the development and evaluation of a martian climatological and hydrological model
involving an ancient ocean(s) in the northern hemisphere and an concomitant ice sheet(s) in the southern
hemisphere.
b. Prooress Re_ort. Task 1, completed simulations of orbital dynamics model of impacting objects;
completed review chapter of martian cratering morphology and statistics; continued crater counts on
Callisto. Task 2, revised map of Tiamat Sulcus Quadrangle, Ganymede; completed study of geology of
uranian satellites; continued equation of state analysis of molecular ices; initiated study of Maxwell material
models of molecular ices; initiated construction of thermal models; completed rheological measurements
of NH3-H20-other liquids. Task 3, continued study of Mars geology: layered terrains and canyon formation;
initiated study of glacial-like features.
c. WQrk Statement (First Year). Task 1, complete crater counts on Callisto and leading/trailing asymmetry
analysis to distinguish crater populations internal and external to jovian system; modify scaling laws to ice
impacts. Task 2, complete tectonic mapping of saturnian satellites and detailed geologic map of Ariel;
continue development of material property and thermal history programs for icy satellites; complete survey
of physical volcanic structures on icy satellites and begin modeling of cryovolcanic processes. Task 3,
complete global mapping of glacial-like features; establish relative dating of glacial events, and initiate
martian ice sheet models.
d. $.ummary Bibliography. 14 Abstracts, 2 papers, 2 book chapters, 1 revised map.
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(a) Our physical model, for the ancient impacted Martian crust (composed of a 1-2-kin zone
of ejecta overlying fractured basement rock; MacKinnon and Tanaka, 1989) provides some
of the constraints needed for investigations of intrusive and tectonic processes and history.
The form and size of intrusions are important factors controlling hydrothermal processes
that may lead to ground-ice melting and discharge of groundwater. Such activity may result
in channels, degraded terrain, and volcaniclastic deposits. Intrusions may also uplift strata.
Also, narrow (1- to 3-km-wide) grabens are the most prevalent structure on Mars, indicating
that shallow mechanical discontinuities hinder continuity between surface and basement
structure. Possible basement structures are seen at the Thaumasia plateau (a part of
Tharsis); this area also documents early Tharsis regional stresses. To improve our
understanding of intrusion and tectonism in tile Martian crust, we propose (1) to analyze
the mechanics of intrusion in the Martian crustal setting to evaluate plausible form and size
of Martian intrusions and to see if consistent landforms exist; (2) to determine the structural
history of Thaumasia, where possible intrusion and extensional and compressional basement
deformation may be evidenced by structure, topography, and secondary landforms; and (3)
to document the early stress history of Tharsis and to understand why the Tharsis
volcanotectonic record is so varied.
(b) New proposal; supersedes the expiring project, "Mars: Hydrologic Anomalies Caused
by Volcanism and Tectonism", of the PGG/MDAP/MEVTV program.
(c) Analyze scenarios for intrusion into an impacted Martian crust under various host-
rock, magrnatic, and stress conditions. Begin geologic mapping of Thaumasia plateau,
emphasizing structural landforms.
(d) MacKinnon, D.J., and Tanaka, K.L, 1989, The impacted Martian crust: Structure,
hydrology, and some geologic implications: J. Geophys. Res., 94, 17,359-17,370. Tanaka,
K.L., and Davis, P.A., 1988, Tectonic history of the Syria Planum province of Mars: J.
Geophys. Res., 93, 14,893-14,917.
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a. Objectives and Justification: The objective of this proposal is to produce interpretive and
detailed (l:500,000-scale) geologic maps of central Kasei Valles (MTM bases 25062, 25067)
and north-central Mangala Valles (MTM bases -05152, -10152). Images of the map areas
have good to excellent quality and resolution, and the map areas include channel and
degradational features and relations illustrative of hydrologic conditions. The investigators
will apply image-processing and photoclinometry techniques to supplement standard
photogeologic mapping.
b. Accomplishments: We have completed preliminary geologic mapping of the central
Mangala Valles area (MTM -05152 and -10152) and submitted the combined photomosaics
as a single map for MGM review for publication as a USGS Miscellaneous Investigations
Series I-Map. The preliminary map product was presented as a poster at the GSA National
Meeting (Chapman and Tanaka, 1989) and' at the 21st Lunar and Planetary Science
Conference (Chapman and Tanaka, 1990a). Two papers were prepared summarizing the
results of the Mangala VaUes mapping. In the first paper (Chapman and Tanaka, 1990b)
we discussed origins of small valleys exposed mostly in adjacent areas of Mangala; the
interpretations pertain to our map area as well. In the second paper (Tanaka and
Chapman, in press), we showed the relations among flooding (partly catastrophic), faulting,
and volcanism in the region. In the central Kasei Valles area, preliminary mapping of
MTM 25062 has been completed.
c. Work plan for FY 91. During the coming year (late FY90 to early FY91), we will
complete the geologic map of central Kasei Valles (MTM 25062 and 25067) and submit it
for review. The bases will be combined into one sheet. Scientific results will be presented
in articles and abstracts.
d. Summary_ Bibliom'aphy. MacKinnon, D.I., and Tanaka, ICL. (1989)Z Geophys. Res., 94,
17,359-17,370; Chapman, M.G., and Tanaka, ICL. (1989) GeoL Sac. Am. Abs., 21, A108;
Chapman, M.G., and Tanaka, ICL. (1990a) Lunar Planet. Sci. Conf. XXI, 179; Chapman,
M.G., and Tanaka, K.L. (1990b)Proc. Lunar Planet. ScL Conf. XX, 531-539; Tanaka, K.L.,
and Chapman, M.G. (in press)Z Ge:,phys, :Sex.
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Dr. Peter C. Thomas
322 Space Sciences Bufldfn_. Cornell U., Ithaca, NY
607-255-9581
Co-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE: "$¢_uttes of NorDholo_ic and S,rface Properties of
Planets and Satellftes"
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work_ b. brief
statement of the accomplishments of the prior year, or "new
proposal_" o. brief listing of what will be done this year, as
well am how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a. Objectives. 1. Study the properties and movement of eolian sediments on Mars with Viking
Orbiter imaging and IRTM dam, and relationship of dunes to areas of active sand movement.
2. Develop and apply techniques for disk-resolved photometry of irregular objects. 3. Study the
geology and surface processes of irregular objects in part using the cartographic and
stereogrammetric capabilities developed in Part 2. 4. Study the significance of roughnesses and
shapes of eUipsoidal and irregular satellites.
b. Progress. 1. Begun interpretation of finding that early frost on dunes is CO2 and not H20 ice.
2. Developed grid and stereo software for irregular object photometry and mapping. Started the
application to martian and saturnian satellites. 3. Finished the refinement of software for
measurement of eUipsoidal sateUites and obtained better measures of Mimas and Eaceladus.
e. Work this year. 1. Finish the study of dune sediment characteristics based on the frost study,
on correlation of dune field morphologies and other wind markers, and on dune photometric
characteristics. 2. Complete shape and photometry studies of Phobos, Deimos, Hyperion,
Amalthea, Epimetheus, and/anus. Generate new maps of all these objects. 3. Complete the
analysis of satellite shapes and limb roughnesses, to include work on cratering characteristics on
small icy objects and on asteroids.
d. Publieatinas: Dermott and Thomas (1990). "Shapes, Masses and Interiors of Satellites."
Adv. Space Res. I0, 165-172.
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PRINCIPAL INVESTIGATOR:
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PROPOSAL SUMMARY
William C. Tittemore, Assistant Professor
Dept of Planetary Sciences/LPL
Univ. of Arizona, Tucson, AZ 85721
CO-INVESTIGATORS:
(Name Only)
None
PROPOSAL TITLE: Dynamical Evolution in the Solar System
ABSTRACT: (Type single-spaced within box below. Paragraphs numbered (a) through (d)
should include: a. brief statement of the overall objectives and justification of the work; b.
brief statement of the accomplishments of the prior year, or "new proposal;" c. brief listing
of what will be done this year, as well as how and why; and d. one or two of your recent
publications relevant to the proposed work.)
(a). I propose to investigate dynamical evolution in the solar system. The goal of these studies is
to increase our understanding of the origin and evolution of the solar system and the objects
within it. I will make use of the methods of modern nonlinear dynamics to address these
complex dynamicM problems.
(b). I began an investigation of the possible dynamics of the Galilean satellites prior to the establish-
ment of the Laplace resonance. If Europa and Ganymede evolved through the 3:1 resonance,
their orbital eccentricities would have reached large values during a phase of chaotic motion.
The icy mantles of both satellites may have been extensively melted and fractured due to
tidal effects, explaining their relatively young surfaces. Passage through this resonance pro-
rides an unambiguous explanation of the Ganymede-Callisto dichotomy. I have continued to
study chaotic resonances in the Uranian satellite system, with particular attention to the tidal
heating of Ariel. During temporary capture in the 4:1 resonance with Titania, the interior of
Ariel may have been tidally warmed by up to 20 K, perhaps triggering the geological activity
that led to its resurfacing.
(c). I will continue the investigation of mean-motion resonances in the satellite systems of Saturn
and Jupiter. I will continue to carry out numerical and analytical studies of mean-motion
commensurabilities among planetary satellites, in order -to determine the effects of passage
through resonances on satellite orbits and thermal histories. The stability of the solar system
will be investigated, by studying the dynamics of few-planet solar systems. I will carry out
an investigation of the dynamics of the Lagrangian satellites of Saturn, in order to determine
the origin and explain the stability of these satellites.
(d). Tittemore, W. C. 1990. Tidal Heating of Ariel. Icarus, in press.
Tittemore, W. C. 1990. Past Chaotic Motion of the Galilean Satellites: An Explanation of
the Resurfacing of Europa and Ganymede and the Ganymede-Callisto Dichotomy. Submitted
for publication.
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PRINCIPAL INVESTIGATOR: Donald L. Turcotte
(Name, Address, Department of Geological Sciences
Telephone Number) 4122 Snee Hall, Cornell University
Co-INVESTIGATORS:
(Name Only)
Ithaca, NY 14853-1504
PROPOSAL TITLE: Implications of Convection Within the Moon and
the Terrestrial Planets
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a. The objective of the proposed research is to study the thermal evolution of the moon,
Mars and Venus, to determine the implications of this evolution with respect to tectonics
and volcanism, and to integrate the results with available observations on the earth. The
focus of our work will be on crustal fractionation, crustal recycling, and the impact of these
on thermal convection.
b. During the past year we completed our parameterized calculations using a very
approximate model. Our results indicate that crustal fractionation has a profound influence
on planetary evolution.
C. (1) We propose to improve our planetary fractionation models in a variety of ways.
(2) We propose to consider early planetary differentiation.
(3) We propose to study the effects of crustal recycling by delamination.
(4) We propose to compare our results with a variety of observations.
d. D.L. Turcotte, A heat pipe mechanism for volcanism and tectonics on Venus, J.
Geophys. Res. 94 2779-2785 (1989).
D. L. Turcotte and J. Huang, Implications of crustal formation on Mars from
parameterized convection calculations, Lunar Planet. Sci. XXI, 1266-1267 (1990)
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PROPOSAL SUIV_ARY
PRINCIPAL INVESTIGATOR: G. Leonard Tyler (415-723.3535)
Center for Radar Astronomy (Durand Bldg - Room 232)
Stanford Electronics Laboratories
Stanford University
Stanford, CA 94305-4055
ASSOCIATE INVESTIGATOR: Richard A. Simpson
ABSTRACT:
(a) Overall Objectives: Radiowave scattering is an effective and important method for
remotely studying planetary surfaces; on cloud covered bodies it is the only means by which
surface mapping on a global scale can be carried out. The radio waves interact most strongly
with surface structure having dimensions comparable to, and slightly larger than, the radio
wavelength (centimeters to a few meters for modern radar systems). But it is precisely this
scale range which has been most difficult for theorists to incorporate in their scattering models.
As a result, interpretation today relies heavily on rather simple tools and concepts now more
than twenty years old -- tools which are totally inadequate for explaining important phenomena
such as high angle scattedng and wavelength dependence. With missions such as Magellan on the
near horizon, it is essential that we improve our interpretive base.
Recent advances in numerical techniques and computer technology, as well as some
changes in analysis direction, offer the promise of new interpretive techniques. Numerical
codes developed for scattering studies supported largely by the Departments of Defense and
Energy are now becoming generally available. At the same time computers themselves have
been improved to the point where those commonly available can handle the enormous arrays and
millions of operations necessary to solve these problems. An early objective has been to
survey the software available for numerical electromagnetics, obtain and convert those
programs which seemed most promising for planetary applications, and test them on simple
problems which have known (or easily derived solutions). Our current and future objective is
to develop surface models useful in the planetary context, apply the new tools, and compare the
results with measurements and planetary data sets.
(b) Progress Report: Although no single code is useful in a wide range of planetary
problems, the Numerical Electromagnetic Code (NEC) appears to be promising for several
important applications. It calculates charges, currents, and radiation patterns from structures
defined in terms of wires and/or surface patches; presently up to 300 wires and/or patches
may be analyzed. Tests on canonical objects (cubes, cylinders, and spheres) show good
agreement with theory. We have begun calculations on pairs of spheres. For spheres which are
almost in physical contact with diameters on the order of )J3 we find that body-body coupling
changes backscattered field strength by up to 40%; the effect decreases with increasing center-
center spacing. This implies that for an important class of objects -- centimeter-size rocks on
Venus being probed by the Magellan radar, for example -- rock-rock interactions are
important but do not dominate the total scattered field.
(c) Task Summary for Next Year: We propose to continue testing and using NEC for
scattering studies. This will include completion of the two-sphere study and initiation of a
comparable "two mesh" problem, to simulate behavior of small surface fragments.
Generalization of the program to remove the 300 element limit is also planned.
(d) Summary Bibliography: One abstract published in NASA TM
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Co-INVESTIGATORS:
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PROPOSAL TITLE :
James R. Underwood, Jr.
Department of Geology, Kansas State University
Manhattan, Kansas 66506-3201
(913) 532-6724
None
Photogeologic Study of Selected Features on Mars-
Claritas Fossae
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
A.
i.
.
.
4.
5.
B.
C.
Overall objectives and justification of work.
Investigate the character, geologic history, and significance of
Claritas Fossae system and its coincident ridge.
Investigate the relation between the Claritas Fossae system and other
major tectonic systems with which it is associated, i.e. those of
Thaumasia Fossae to the south and Noctis Labyrinthus to the north.
Investigate relatively small-scale volcanic centers in, or marginal to,
the Claritas Fossae system.
Evaluate the possibility of a site in, or near, Claritas Fossae having
the appropriate characteristics for a Mars landing site.
Coordinate the response to the reviews of the Galileo Regio (Jg-3)
quadrangle, Ganymede (Underwood, Casacchia, Woronow, Teeling) to
suggestions of three reviewers.
Progress
Served as Discipline Scientist, PG&G Program, 6/i/87-8/I/89.
Research Assistant (employed ll/16/87-resigned 9/30/88 to accept
position with city of Buffalo_ not replaced) and PI worked on revision
of map and text for Galileo Regio (Jg-3) quadrangle, Ganymede.
Acquiring data bases and making literature search, Claritas Fossae
project. Participated in MEVTV workshop on the Tharsis province of
Mars, October 4-6, 1989. Two base maps, 1:500,000 scale, of part of
Claritas Fossae now in press.
Work Plan
1990" Acquire data base for l:500,O00-scale geologic mapping; prepare
l'2,000,O00-scale geologic map of Claritas Fossae.
Complete revision of map and text of geology of Galileo Regio (Jg-
3) quadrangle, Ganymede.
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C.(continued)
1991: Map geology on two l:500,000-scale base maps of Claritas Fossae;
compare Claritas Fossae structural block with the two other major
linear mountain blocks on Mars; prepare final maps, sections, and
reports.
D. Summary Bibliography: NASA - Related Publications
MS Thesis:
Teeling, Michael J., 1987, Geology of Galileo Regio quadrangle,
Ganymede, Kansas State University MS thesis, 66 p.
Other:
Underwood, James R., Jr., 1987-1989, Dear Colleague (series of six
letter-reports to Planetary Geology and Geophysics community), in
Impact, R. Greeley, ed., 8, no. 2; 9, no. I, 2, 3; i0, no. I, 2.
1989a, The far encounter: Neptune at last (abstract), Kansas
I
Geol. Soc. Bull., 65, no. 3, 5.
1989b, Planetary geology and geophysics program: A summary,
'88, in Reports of Planetary Geology and Geophysics Program -
1988, NASA Tech. Memo. 4130, 618-621.
1990a, Planetary geology has come of age: Geol. Soc. America
T
Abstracts with Programs, 22, no. i, 34.
, 1990b, Planetary geology and geophysics program: A summary,
FY '89, in Reports of Planetary Geology and Geophysics Program -
1989 (in press).
Scott, D. H. and James R. Underwood, Jr., 1990, Mottled terrain: A
continuing martian enigma, Lunar and Planetary Science XXI, Ii17-
1118.
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PROPOSAL TITLE:
Professor, JoseDh_Veverka
_IO Sg_re _rlpnrp- R1__
Carn_11 H
607-255-3507
Physical $_udies of Planetary and Satellite Surfaces
ABSTRACT: (Type single-spaced below llne. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief llstlng of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
Aim: Continue study of physical properties of planetary and satellite surfaces with emphasis on
photometry, comparative morphology, and regolith processes.
PROGRESS REPORT:
Recent Progress:
1) Completed several comprehensive investigations of the color and photometry of icy
2)
3)
4)
5)
satellites of Saturn (Rhea) and Uranus (Miranda, Umbriel, and Oberon).
Initiated detailed photometric study of Triton using Voyager 2 images.
Obtained improved phase curves for Callisto and Ganymede.
Initiated studies of Neptune's small satellites using Voyager 2 data.
Published and/or completed several comprehensive review papers.
Proposed Work for Coming Year:
1) Extend Hapke's theory to anisotropic multiple scattering and apply technique to Enceladus
and Triton surface photometry.
2) Complete color/photometry investigation of terrains on Ariel.
3) Continue detailed photometry of Triton, leading up to production of detailed color,
albedo, and photometric parameter maps.
4) Continue investigations of frosts on Callisto and Ganymede to determine scattering
properties and frost/dark component mixing ratios.
5) Continue investigations of small satellites concentrating on the Nereid and the newly
discovered small satellites of Neptune.
6) Continue photometric and radiometric investigations of individual areas on Io using
Voyager data.
Summary Bibliography
Verbiscer and Veverka (1989) (Icarus 82, 336-353);
Hillier et al. (1989) (Icarus 83, 314-335); and 9 other papers listed in recent bibliography
(p. 15).
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Prof. Joseph VevgEka
310 Space Sclenc_s Bu/]dln.
Cornell Unlvergitv
Ithaca, _Y 14853
.....Dr Paul Hell,herein
Study of the Effects of Photometrlc Geometry
on Spectral Reflectance Measure=ents
ABSTRACT: (Type single-spaced below llne. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accoaplishmentm of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and whyl and d. one or two of your recent publi-
cations relevant to the proposed work. )
a) General: Investigate how spectrophotometric properties of planetary materials depend on
photometric geometry by refining and applying radiative transfer theory to data obtained from 1)
spacecraft and telescope observations of planetary surfaces; 2) goniometric studies of laboratory
analogs; and 3) computer simulations. Assess physical interpretation of photometric parameters in
the context of planetary surface geological properties and processes. -"
Specific: To further test and extend Hapke's photometric model; to apply the model to
observations of planetary/satellite surfaces and to laboratory analogs.
b) PROGRESS REPORT
1) Continued refinement of Hapke fitting techniques, including efficient methods of deriving
parameters for individual terrains, means of accounting for thin atmospheric hazes, and use of two-
term Henyey-Greenstein (HG) phase functions.
2) Further developed two-component regolith mixing model and applied it successfully to
interpretation of Oberon color photometry.
3) Studied impact of using a 2-term HG phase function (rather than a l-term) in applications of
Hapke's theory. In general, using a 2-term function leads to decreased estimates of macroscopic
roughness f..
4) Continued development of analytical framework for improving Hapke's macroscopic roughness
correction so that it can be applied to bright surfaces for which scattering between topographic
elements is important.
c) PROPOSED WORK FOR COMING YEAR
1) Complete ray-tracing model of multiply scattered light between topographic facets and obtain a
more generally valid representation of Hapke's 0-_orrection.
2) Complete laboratory measurements of regolith particle phase functions out to 170". Use lunar
data (including from Galileo) to constrain actual phase function of lunar regolith particles.
3) Extend 2-component mixing model to multi-component case; derive mixing equations for
parameters other than _o and _ investigate tests to discriminate between "checkerboard" and
"intimate" mixing models.
d) SUMMARY BIBLIOGRAPHY
Helfenstein and Veverka (1989) in Asteroids II (pp. 524-593).
Helfenstein et al. (1990), Icarus, in press; Appendix 1). See 4 other publications in Summary
Bibliography.
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Dynamical Evolution of the Solar System
Co-INVESTIGATORS :
(Name Only)
PROPOSAL TITLE :
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of t-he
overall objectives and justification of t_he work; b. brief
statement of the accomplishments of t.he prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one cr two cf your recent publi-
cations relevant tc t.he proposed work.)
(a). Tasks i-4 concentrate on problems of the dynamical evolution of solar
system bodies; particularly, the role of Secular spin-orbit resonances in
the behavior of planetary obliquities. Tasks 5-9 continue a program to
model aspects of solar system formation, especially the role of planet-
nebula tidal in_teractions. Task i develops a theory of resonance overlap
for secular sp_n-orbit resonances. Task 2 updates models of the Mars
obliquity history in the light of new work on secular orbit theory. Task 3
explores a possihle resonant constraint on giant planet contraction models.
Task 4 develops a stream-line model of horseshoe orbit drag that can be used
to study torque saturation. Task 5 investigates the influence of density
wave torques on end-stage accretion time scales. Task 6 models the effects
of disc tides on nebula structure. Task 7 explores the role of disc tides
in establishing and maintaining orbit-orbit resonances among accreting
protoplanets. Task 8 studies density waves in disc composed of small
planetesimals. Task 9 describes current efforts to improve torque models.
(b). A chapter on long-term dynamical evolution of Mars was written for the
upcoming book from U. of A. A paper on possible resonance obliquity for
Mars has been submitted to Nature. Two papers have been published in A_p. J,
one on the rapid formation of giant planet cores, the other on orbital
migration of protoplanets due to tidal torques. Several talks and
university seminars were delivered during the last year.
(c). Long-term evolution of a spin axis making repeated passages through
overlapping secular resonances will be studied and applied to Mars, the
earth and Jupiter. The torque saturation of a horseshoe orbit region will
be modeled. Several papers in progress on density wave effects in the solar
nebula will be brought to completion.
(d). Ward, W. R., On tbe rapid formation of giant planet cores, Ap. J.
Lett, 345, L99-LI02, 1989. Ward, W. R., and Hourigan, K., Orbital Migration
of protoplanets, Ap. J., 347, 490-495, 1989.
149
PRQPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Stephen G. Warren
Atmospheric Sciences _
Seattle, WA 98195
Co-INVESTIGATORS: Conway B. Leovy
(Name Only)
PROPOSAL TITLE:
AK-40, University of Washington
(206) 543-7230
"Optical Properties of C02-ice and C02-snow in the
Visible and Infrared"
ABSTRACT: (Type slngle-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the preposed work.)
a) The spectral absorption coefficient of pure CO2 ice will be measured in the weakly absorbing regions of
the near ultraviolet, visible and infrared, 0.15-501_n wavelength. The planned advance over previous work
is to discover a method of growing thick, clear samples (>1001am). The spectral absorption coefficient is
needed for understanding the reflection, absorption, transmission and emission of radiation by particulate
media containing CO2 ice. We will use it to model the spectral albedo and emissivity of clouds and surface
frosts in the polar regions of Mars. This in tam we will use to determine a strategy for remote sensing of
grain size, water ice content and dust content.
b) (lst year of funding) We have succeeded in growing clear samples of -18crn 3 volume (-4cm thickness)
in a thermally isolated chamber which can be cooled to any desired temperature. We can grow samples at
any temperature below about 170K and of thickness 1.6-107.5mm. Most of the necessary optics for
transmission spectroscopy have been designed and fabricated.
c) (2nd and 3rd year of funding) Samples of 5 different thicknesses and two different temperatures will be
grown and their transmission compared to a standard will be measured. This will be done using a grating
monochrometer for 0.15-5.51am and a Fourier transform interferometer for 2.5-501am. The measurements
can be reduced to absorption coefficient and index of refraction by linear regression. The radiative transfer
modelling can be performed with the revised optical constants (functions of wavelel_th and temperature) in
the third year.
d) S.G. Warren, 1986: Optical constants of carbon dioxide ice, Applied Optics, 25, 2650-2674.
S.G. Warren, W.J. Wiscombe and J.F. Firestone, 1990: Spectral albedo and emissivity of CO2 snow in
Martian polar caps: Model results, J. Geophys. Res., in press.
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Nationa_ Air and SDace Museum
Smithsonian Institution
Washington, DC 20560 (202) 357-1424
Analysis of Tectonic Features on
the Terrestr$a$ Planets
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
ABSTRACT:
(a) This proposal is for a 1-year continuation of NASA Grant NAGW-940
to investigate tectonic features on the terrestrial planets. The
objectives of the proposed research are to formulate models for the
origin of certain tectonic features based on detailed morphologic and
structural analysis. Essential to the proposed research are field.
investigations of potential terrestrial analogs.
(b) During the past year we completed an analysis of domains of pure
shear on the Earth, Mars and Venus and expanded our mapping of
strike-slip faults in the deformed basalts of the Columbia River
flood basalt province. An analysi_ of the distribution of strain in
the floor of the Olympus Mons caldera is nearly complete and the
symmetry of inferred stress fields in the Tharsis region of Mars was
investigated.
(c) In the third year of the grant the following will be
accomplished: i) the Study of wrinkle ridge-fault scarp associations
on the Moon and Mars, initiated in the second year, will be completed
and kinematic and mechanical models for their origin finalized; 2) a
study of the nature and origin of second-order ridges in the wrinkle
ridge assemblage will be initiated; 3) a two week field study of
structures on the Columbia Plateau that may serve as terrestrial
analogs to second-order ridges and wrinkle ridge-fault scarp
associations on the Moon and Mars.
(d) Watters, T.R., Periodically spaced anticlines of the Columbia
Plateau, in GSA Sp. Paper No. 239: Volcanism and Tectonism in
the Columbia River Flood-Basalt Province, S.P. Reidel and P.R.
Hooper eds., 283-292, 1989.
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National Air and Space Museum
Smithsonian Institution
Washington, DC 20560 (202) 357-1424
Ted A. Maxwell
Geologic and Tectonic Evolution of
Southwest Lunae Planum
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief llsting of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
ABSTRACT:
a) This proposal is intended to be considered for a l-year renewal of the
study of the geologic and tectonic evolution of a portion of southwest
Lunae Planum. This proposed research involves understanding the origin of
certain structural and erosional features that will be mapped and analyzed
at the 1:500,000 scale of the Mars Transverse Mercator (MTM)photomosaic
maps. The objectives of the proposed research are to: i) provide
detailed geologic maps of southwest Lunae Planum using MTM 05077, 05072
and 00072; 2) constrain the nature and timing of tectonic events in
southwest Lunae Planum; and 3) constrain the nature and timing of
resurfacing events in Hebes and Echus Chasma.
b) During the past year the mapping of MTM 05077 has been completed and
work has been initiated on MTM 05072 and will be completed at the end of
the second year. The curvilinear graben mapped in these two quadrangles
have been analyzed and a model for their origin formulated. An apparent
wrinkle ridge-fault scarp association that occurs in MTM 05072 is being
investigated.
c) In the third year of this study: i) a geologic map of MTM 00072 will
be completed; and 2) wrinkle ridge crosscutting relationships will be
analyzed.
d) Watters, T.R. and M.J. Tuttle, Origin of curvilinear graben in
southwest Lunae Planum, Mars, LPSC XXI, 1308-1309, 1990.
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PROPOSAL TITLE: Accretion and Evolution of Solar System Bodies
ABSTRACT: (Type single-spaced below llne. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a) Goals: The purpose of this research program is to study physical and
dynamical processes involved in the formation of the planets and smaller
bodies in the solar system, using analytic and numerical techniques. The
focus of the present proposal is the use of a new numerical simulation code to
model the accretional evolution of a planetesimal swarm interacting over a
range of heliocentric distances.
b) Recent Progress: We have improved our numerical code and tested it
against an analytic coagulation problem to demonstrate its validity and to
optimize the choice of parameters. Ve find excellent agreement with the
analytic result. Ve have also computed the accretional evolution of a
planetesimal swarm for cases corresponding to those of Vetherill and Stewart
1989), and show good agreement with their results.
) -proposed Research: During the second year of our three-year program to
model numerically the accretion of planetesimals in the inner and outer parts
of the s61ar system, we will use our spatially resolved multi-zone code to
investigate phenomena of runaway growth of planetary embryos, dynamical
isolation of feeding zones, radial transport by drag-induced orbital decay,
long-range perturbations, resonances, and related phenomena. This work will
be applied to accretion in the terrestrial planet zone in the presence of
nebular gas and resonant phenomena.
d) Summary Bibliography: Stirring of a planetesimal swarm: The role of
distant encounters, S. J. Veidenschilling, Icarus, 80, 179 (1989). Multizone
accretional evolution of planetesimal swarms, D. Spaute, D. R. Davis, S. J.
Veidenschilling, Adv. Space Res., 10, (3) 109 (1990). Accretional evolution
of a planetesimal swarm: I. A new simulation, D. Spaute, S. J.
Weidenschilling, and D. R. Davis (Appendix A).
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pROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Co-INVESTIGATORS:
(Name Only)
Stuart J. Weidenschillin_
Planetary Science Institute
2421 E. 6th St., Tucson AZ 85719
602/881-0332
Donald R. Davis
PROPOSAL TITLE: Aerodynamic and _asdynamic Effects in Cosmogony
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and Justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
(a) The goal of this program is to understand the role of aerodynamic and
gas-dynamic phenomena in the formation of the planetary system from the
primitive solar nebula. Its scope includes interactions of the nebular gas
and bodies ranging in size from dust grains to protoplanets.
(b) New proposal. Under the previous contract, we carried out numerical and
analytical investigation of resonances with PR drag as an analog of
gas-drag-stabilized resonances in the solar nebula. Ve constructed numerical
models of coagulation and settling of dust in the solar nebula with "generic"
turbulence, and examined effects of turbulent velocities on the rate of dust
evolution.
c) Ve will develop a self-consistent model of dust aggregate structure, with
ensity dependent on collision velocities, and carry out simulations of
coagulation including fragmentation. Ve will also investigate orbital
evolution with resonances and drag, for both PR drag and gas drag to evaluate
mechanisms for Trojan capture (forlDP's and asteroids). In following years,
we will eyaluate the scenario for rapid formation of Jupiter-zone
planetesimals by H20 enhancement, develop a 2-D dust coagulation model for
both vertical and radial variation of particle size, and also determine
effects of passage through interior resonances with Jupiter in the presence of
as, to evaluate effects on the formation of the asteroids.
d) Orbital resonance and Poynting-Robertson drag, S. J. Weidenschilling and
• Jackson, in preparation (kppendix &). Physics of planetesimal formation,
S. J. Veidenschilling, B Donn and P. Meakin, in Formation and Evolution of
Planetary Systems, H. Veaver and L. Danly, Eds., Cambridge Univ. Press, pp.
131-150 (1989). Radial mixing of material in the asteroidal zone, T. V.
Ruzmaikina, V. S. Safronov, and S. J. Veidenschilling, in &steroids II, R.
Binzel et al., Eds., U. of &rizona Press, pp. 681-700 (1989).
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PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Co-INVESTIGATORS:
(Name Only)
Paul R. Weissman
Jet Propulsion Laboratory_ Mail stop 183-601
4800 Oak Grove Drive, Pasadena, CA 91109
(818) 354-2636 FTS 792-2636
None
PROPOSAL TITLE : Cometary Physics and Dynamics
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a. Physical and dynamical studies of comets are important to studies of the origin and
evolution of the solar system, of the role of comets in supplying the volatile inventories of the
terrestrial planets, of the role of comet vs. asteroid impacts on the Earth in initiating biological
extinctions, and in planning for future NASA missions to comets. This task uses a variety of
modeling techniques to perform computer based studies of the dynamics of comets in the Oort
cloud and the thermal evolution of cometary nuclei, comparing results to observations
wherever possible.
b. It was shown (with A. Dobrovolskis and A. Stem) that the low eccentricity of the tidally
damped orbit of Pluto's satellite Charon can be used to set an upper limit on the total mass
of comets in the Kuiper Belt. Estimates of cratering rates in the Pluto-Charon system showed
that impacts are dominated by Kuiper belt comets. The resulting upper limit of ~ 10 Earth
masses in the Kuiper belt is not as tight as that found from studies of perturbations on Comet
Halley. A survey of physical processes which may modify cometary nuclei over their histories
(with H. McSween) showed that many of the effects are similar to, though more subtle than,
those seen in recovered meteorites. Such effects must be taken into account in analyzing
compositional studies on CRAF and returned samples from Rosetta. Work was begun on a
thermal model of Chiron, in order to assess possible causes for its recent cometary-type
activity. Two reviews on the Oort cloud were completed, one for Nature, and the other for
the Conference on Comets in the Post-Halley Era held in Bamberg, FRG.
c. In the coming year, work will continue on the development of a new Oort cloud dynamical
simulation program including the effects of stars, GMC's and galactic tides. A new study of
the Sun's varying galactic motion and its effect on the dynamical history of the Oort cloud will
be begun (with K. Innanen). Thermal modeling of Chiron and other outer solar system bodies
will continue. In addition, thermal modeling of comets Kopff and Wild 2 in support of the
CRAF mission will be undertaken.
d. Weissman, P. R., Dobrovolskis, A. R., & Stern, S. A., Constraints on impact rates in the
Pluto-Charon system and the population of the Kuiper comet belt. Geophys. Res. Lett. 16,
1241-1244, 1989. McSween, H. Y., & Weissman, P. R., Cosmochemical implications of the
physical processing of cometary nuclei. Geochim. Cosmochim. Acta 53, 3263-3271, 1989.
Weissman, P. R., The Oort cloud, Nature, in press, 1990.
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PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Co-INVESTIGATORS:
(Name Only)
George W. Wetherill
Department of Terrestrial Masnetism
Carnegie Institution of Washinston
5241 Broad Branch Road, N.W., Washington, DC 20015
None
PROPOSAL TITLE: Accumulation of the Planets
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a. Numerical and theoretical problems of planetary system formation are being
investigated. The long range goal of this work, complemented by extensive
work elsewhere, is to quantitatively model major processes and events of Solar
System history that can be compared with observational data. During the
proposed grant period, particular emphasis will be placed on studying the
extent to which present models of Earth formation are consistent with
lunar cratering; investigating the relationships between asteroidal origin,
asteroidal flux during the formation of the planets, and the present state
of the asteroid belt; and understanding the sensitivity of planetary
formation models to the time of nebular gas removal.
b. (i) Completed a comparison between our numerical physical modelling
of planetesimal growth and analytic solutions of the coagulation equation.
(2) Major rewriting of the computer code used for study of growth of
planetesimals into planetary embryo s , including more complete treatment
of planetesimal fragmentation.
(3) Completed Monte Carlo calculations for the complete evolution
of trans-Neptunian comets into objects of asteroidal appearance.
(4) Prepared a comprehensive review article concerning the formation
of the Earth and its relationship to the origin of the Solar System and
the initial state of the Earth.
d. Wetherill, G. W. The final stage of cometary evolution: Cometary
bodies of asteroidal appearance. In press, Comets in the post-Halley era,
R. Newburn, ed. Kluwer, Amsterdam, 1990.
Wetherill, G. W. Formation of the Earth. In press, Ann. Rev. Earth
Planet. Sci., 18, 1990.
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PRINCIPAL IMVESTIGATOR:
(Name, Address,
Telephone Number)
Dr. Fred L. Whioole
Smithsonian Institution Astophysical Observatory
60 Garden Street. Cambridge. MA 02138
Co- INVESTIGATORS :
(Name Only)
PROPOSAL TITLE: Study of the Phvsics of Cometary Nuclei
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a) This study of comets concerns their nature, origin,
aging and differences, if any, in the basic character of
long-period (LP) comets versus short-period (SP) comets.
The broader objective is to improve our understanding of
comets as a part of the evolution of the Solar System and
particularly their possible contributions to the Earth and
life on the Earth. These concepts would be considerably
altered were the short-period comets shown to be formed in a
different part of the primitive solar nebula than the long-
period comets.
b) The author's research has helped to demonstrate the
"battered" character of the nucleus of Halley's comet,
highly relevant to comet formation. He has also
demonstrated differences among LP comet groups, depending
upon the direction of their orbital major axes with respect
to the Galaxy and the Ecliptic, and has studied various
types of aging and environmental effects particularly among
LP comets.
c) The current intent is to continue the present studies
and to concentrate on seeking criteria that measures ages
and aging among the SP comets.
d) A presentation at the Bamberg FRD Colloguium in April
1989 entitled "The Forest and the Trees" is attached. It
presents both a requested short summary of the meeting and
also a presentation of most of the results mentioned or
implied in paragraphs a) and b) above.
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PROPOSAL SUMMARY
PRINCIPAL INVESTIGATOR:
CO-INVESTIGATOR:
James G. Williams
JPL, 238-332
Pasadena, CA 91109
(818) 354-6466, FTS 792-6466
James Gibson
TITLE: Solar System Dynamics -- Asteroids, Comets, and the Moon
a. Objectives: I) Discover, define, and study asteroid families, the
fragments of former collisions, to examine the interiors of former parent
bodies. Physical properties data indicate the degree of diffferentiation
of the parent body. Size and (imperfect) velocity distributions may be
recovered. 2) Theoretical studies of the dynamical evolution of the
solar system aid understanding. For example, improvements in the secular
perturbations calculations permit new families to be recognized and old
ones to be refined. 3) CCD images and Palomar Schmidt photographs provide
positions of comets and minor planets which need further positions for
the determination of accurate orbits. The observation program is
separately funded. 4) The analysis of lunar laser ranges gives information
on the lunar harmonics, moments of inertia, Love number, and dissipation.
b. Progress: i) A study and paper on the Alexandra family is nearly
complete. 2) A program for the computation of short-period perturbations
has been made operational and used in a 300 asteroidt run. 3) Astrometric
positions were published for 12 comets, ii planet crossers, a 2:1
librator, and a high inclination object. 4) New programs for numerically
integrated lunar physical librations are complete and their results
have been used in fits to lunar range data.
c. Proposed Work: i) A paper on the Alexandra family will soon be
submitted for publication. 2) A paper on the discovery of asteroid
families will be prepared and submitted for publication if the review
panel wishes it. 3) The classification of families by morphological
type will be started again. Physical properties data will be associated
with the individual families. 4) The taxonomy work will be extended
to additional data sets. 5) Theoretical work will be done as needed.
6) The astrometry program will continue to measure positions of comets
and unusual asteroids, e.g. planet crossers, Trojans, Hildas, members
of rare families, and high inclination objects. 7) Lunar laser data
will be processed to determine lunar gravity field, Love number, and
dissipation.
d. Summary Bibliography: i) 4 papers published. 2 abstracts published.
2) Astrometric positions are published in the Minor Planet Circulars.
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PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Co-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE:
Steven H. Williams
3303 NASA Road I,
(713) 48612113
James R. Zimbelman
Lunar and Planetary Institute
Houston, TX 77058
1:500_000 Scale Geologic Mapping in Western Utopia
Planitia_ Mars
ABSTRACT: (Type single-spaced below llne. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
(a) The initial objectives of this mapping project was to place constraints
on the interpretation of geologic events affecting the lowland side of the
martian crustal dichotomy near the Nilosyrtis Mensae and to examine
the morphology and disribution of concentric-fill craters. The objective
and background sections of the original proposal are included as Appendix 1
and provide more information.
(b) Mapping is almost complete; submission of map and text for both quads
should occur proor to the June/July Flagstaff meeting. The 1990 PGPI
abstract cited below in (d) is included as Appendix 2 and provides a
more detailed scientific progress report.
(c) This year will see the submission and revision of both maps.
(d) I. Williams, Steven H. and James R. Zimbelman, Preliminary Geologic Mapping
of MTM Quads 40292 and 40297, North of Nilosyrtis Mensae, Mars (abs.),
submitted as a PGPI 1990 abstract/progress report. (Appendix I)
2. Williams, Steven H. and James R. Zimbelman, 1990, Preliminary geologic
mapping near the Nilosyrtis Mensae, Mars (abs.), Lunar and Planetary
Science Conference, 21st, 1341-1342.
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PRINCIPAL INVESTIGATOR: Professor Jack Wisdom
Department of Earth, Atmospheric.
and Planetary Sciences
Massachusetts Institute of Technology
Cambridge, Massachusetts
(617) 253-7730
PROPOSAL TITLE: Solar System Dynamics
ABSTRACT:
(a) We propose to continue our investigations of dynamical processes in the solar system.
Our goal is to gain a better understanding of our solar system from the dynamical processes
which have shaped it and govern its motions, particularly in the light of recent advances in
our understanding of non-linear dynamical systems.
(b) We have shown that the large amplitude oscillations in the shape of Neptune's Great
Dark Spot (GDS) are well reproduced by simple dynamical models of an isolated vortex
embedded in a background shear flow. From the time series of non-dimensional aspect ratio
and orientation of the Great Dark Spot we estimate values for the background shear and
the mean vorticity of the GDS, and place a lower bound on the Rossby deformation radius.
Our models imply the existence of a planetary-scale zone of deterministic chaotic behavior
in the atmosphere of Neptune.
(c) We shall continue our investigations of the dynamics of the solar system, using the same
pioneering techniques we have used in our earlier studies. We intend to extend the range of
applicability of our work on the rotational dynamics of irregularly shaped satellites to the
rest of the satellites in the solar system. Numerical investigation of the long-term evolution
of the solar system and of small bodies in the solar system will be continued. Qualitative
investigation of the stability of small solar systems will be continued, with emphasis on
gaining a qualitative understanding of the Sun-Jupiter-Saturn phase space. We shall carry
out further studies of tidal evolution of natural satellite systems through resonance.
(d) Polvani, L.M., and Wisdom, J. with DeJong, E. and Ingersoll, A.P. (1990) "Simple
Dynamical Models of Neptune's Great Dark Spot," submitted to Science.
Polvani, L.M., and Wisdom, J. "On Chaotic Flow around the Kida Vortex," to appear in
Topological Aspects of Fluid Mechanics, H.K. Moffat, Ed. (Cambridge).
Tittemore, W., and Wisdom, J. "Tidal Evolution of the Uranian Satellites. Part III,
Evolution through the Miranda-Umbriel 3:1, Miranda-Ariel 5:3 and Ariel-Umbriel 2:1 Mean
Motion Commensurabilities." Icarus, in press.
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PRINCIPAL INVESTIGATOR: Charles F. Yoder
INSTITUTION: Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, CA 91009
PHONE: (818) 354-2444 FTS 792-2444
TITLE: Dynamical Studies of Planets, Planetary Satellites
and Asteroids
ABSTRACT
(a) overall objectives and justification of the work; (b) progress and
accomplishments of the prior year, or "new proposal"; (c) brief listing of
what will be done this year, as well as how and why; (d) bibliography
A. The basic objective of this research is to use dynamical arguments to
obtain constraints on the origin and present states of planets, asteroids
and planetary satellites. The principal emphasis shall continue to center
on my study of orbit-orbit, spin-orbit resonance locks and tidal heating
mechanisms. This proposal requests increased funding level.
B. A lihration theory for Phobos was completed and is in press, i)
Dynamical model which connects horseshoes orbits with the synchronously
locked epicyclic orbits has been derived and applied to Soviet Phobos
spacecraft. 2) Martian structural model has been constructed in order to
estimate k 2 and infer Q from Phobos' secular acceleration. Influence of
Mars fluid core on nututions have been estimated. The paper on Phobos
gravity field was completed.
C. Dynamical mechanisms related to the formation and dynamical stability of
the coorbital pair, Janus and Epimetheus shall be examined. Several studies
related to Phobos orbital dynamics, librations, gravity field and their
relationship to Phobos origin shall be continued. The constraint imposed by
Mars' precession constant on its internal structure shall be explored. The
martian Q shall be inferred from the observed Phobos tidal acceleration and
a modeled k 2 factor. The study of tidal history of the lunar orbit which
includes significant lunar dissipation shall be completed.
D. Salo, H. and C. F. Yoder (1988). The Dyn&mics of coorbital Satellite
systems, Astron. Astrophys., 202, 309-327; Yoder, C. F., S. P. Synnott and
H. Salo (1989), Orbits and Masses of Saturn's c_-orbiting satellites, Janus
and Epimetheus, Astron. J., 98, 1875-1889. Yoder, C. F. and J. P. Berthias
(1989), Stability and Dynamics of Synchronously locked, Epicyclic orbits,
BAAS (abstract), 21. I-ii.
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PRINCIPAL INVESTIGATOR:
(Name, Address,
Telephone Number)
Janes R. Zinbe]_man, CEPS/HAS_{, Smithsonian
Institution, 2$ashinqton, D.C. 20560
(202) 786-2547
Co-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE: 1:50q,000 Scale Geolo_ic llapDing of the
Tharsis ,Iontes on._lars
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
a) Objective: Interpretation of the geologic history of materials
in the Tharsis Montes region of Mars (17.5°N to 12.5°S, 100°W to
125°W) through geologic mapping of geomorphic characteristics,
superposition relationships, and tectonic features on all three
volcanoes. The map units will be used to evaluate the
contribution from geologic materials to remotely sensed physical
properties of the region.
b) Prior year: As of April 5, 1990, neither base map materials
nor FY 90 funding were forwarded to NASM. Information provided
to the Principal Investigator indicates the FY 90 proposal was
recommended favorably and that the base maps are now completed.
c) Proposed Work: i) Complete geologic mapping of MTM sheets
-10117 and -10122 (7.5°S to 12.5°S, l15°W to 125°W), covering the
majority of the Arsia Mons volcanic shield and a portion of the
debris lobe west of the volcano. 2) Transfer the map information
to a stable base and submit the maps and text to the U.S.G.S.
for technical review. 3) Start preliminary geologic mapping of
MTM sheets 10102 and 10107 (7.5°N to 12.5°N, 100°W to ll0°W)
covering the majority of the Ascraeus Mons volcanic shield and
its associated debris lobe. 4) Evaluate the physical properties
of the mapped geologic units using remote sensing data at visual,
thermal, and radar wavelengths with emphasis on the emplacement
and modification history of the surface materials.
d) Biblioqraphy: i) Zimbelman, J.R., Geologic interpretation of
remote sensing data for the martian volcano Ascraeus Mons, in
Advances in Planetary Geoloqy, NASA TM-88784, 271-572, 1986. 2)
Mouginis-Mark, P.J., L. Wilson, and J.R. Zimbelman, Polygenic
eruptions on Alba Patera, Mars, Bull. Volc. 50, 361-379, 1988.
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PRINCIPAL INVESTIGATOR: (Name, Address, Telephone Number)
Dr.Stanley H. Zisk
Planetary Geosciences Division, Hawaii Institute of Geophysics
2525 Correa Rd. Honolulu, HI 96822
(808) 948-6488
CO-INVESTIGATORS: none
(Name Only)
PROPOSAL TITLE: Lunar Geologic History from High-resolution Earth-based
Radar Images
ABSTRACT: (Type single-spaced below line. Lettered paragraphs (a) through
(d) should include: a. brief statement of the overall objectives and justification of
the work; b. brief statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as well as how and why;
and d. one or two of your recent publications relevant to the proposed work.)
a. Objectives: To continue to investigate crater impact-melt sheets or
other unusual small-scale surface morphologies by their effects on radar
echo polarization, and possibly to develop an age-dating technique for
impact craters; to investigate the effects of blocks vs. regolith micro-
morphology on radar brightness and de-polarization in crater ejecta
blankets and rays; to investigate the volcanian history of Alphonsus
crater; to analyze hi-res radar images for other geological information, b.
Additional data has been analyzed (see figs.); evidence for some age
dependence of anomalous cross-polarization; evidence for blocks (not
micro-craters) as cross-polarizing mechanism; discovery of additional
rilles in Alphonsus c. This Year: Analyze existing additional images of
impact craters and rays for ongoing research (Alphonsus, cross-pol);
characterize location, age, strength, etc of anomalous cross-pol crater
echoes, d. Pubs: Coombs, Hawke, Peterson, Zisk, LPSC XXI, "Regional
Pyroclastic Deposits..."; Campbell, Zisk, Bell, Hawke, LPSC XXI, "...Crater
Ray Materials in Mare Serenitatis; Campbell, Zisk, Mouginis-Mark,
"...Lava Surface Textures From Radar Data...", Rem Sens Envir (in press)
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PRINCIPAL INVESTIGATOR:
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Telephone Number)
M.T. Zuber
eOdynamics Branch, Code 621
A/GSFC, Greenbelt, MD 20771 (301)
Co-INVESTIGATORS:
(Name Only)
PROPOSAL TITLE: Planetary Geophysics and Tectonics
ABSTRACT: (Type single-spaced below line. Lettered paragraphs
(a) through (d) should include: a. brief statement of the
overall objectives and justification of the work; b. brief
statement of the accomplishments of the prior year, or "new
proposal;" c. brief listing of what will be done this year, as
well as how and why; and d. one or two of your recent publi-
cations relevant to the proposed work.)
286-2129
(a) The broad objective of the proposed work is to gain insight into the mechanical
structures and stress histories of the lithospheres of the terrestrial planets, with emphasis
on Mars and Venus.
(b) During the past year we have: (1) developed a model to constrain the depth of the
magma camber of the martian volcano, Olympus Mons; (2) investigated models for the
isostatic compensation of Aphrodite Terra, Venus; (3) developed models that relate the
regular spacings of Tharsis-related plains ridges to the shallow mechanical structure of the
martian lithosphere; and (4) established a relationship between isostatic elevation and the
wavelengths of tectonic features on Venus.
(c) During the next year we will: (l) measure tectonic deformational wavelengths for a
variety of terrain types on Venus and interpret the results in the context of lateral
variations in lithospheric structure; (2) analyze the nature of deformational instabilities in
a horizontally stressed, strength-stratified lithosphere that contains a detachment surface,
with the goal of better understanding the mechanics and style of tectonics on Venus, and
(3) investigate the relationship between the state of stress of volcanic edifices and magma
chamber mechanics through models of caldera formation.
(d) Zuber, M.T., and L.L. Aist, The shallow structure of the martian lithosphere in the
vicinity of the ridged plains, J. Geophys. Res., in press, 1990.
Zuber, M.T., and E.M. Parmentier, On the relationship between isostatic elevation and the
wavelengths of tectonic surface features on Venus, Icarus. in press, 1990.
Zuber, M.T., and P.L Mouginis-Mark, Constraints on the depth and geometry of the
magma chamber of the Olympus Mons volcano, Mars, Lunar Planet. Sci. Conf. XXI, 1387-
1388, 1990.
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